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® Recombinant thermostable DMA polymerase from archaebacteria. 

(g) Recombinant DNA polymerases from 
archaebacteria as well as isolated DNA coding 
for such polymerases are provided. The isolated 
DNA is obtained by use of DNA or antibody 
probes prepared from the DNA encoding T. 
litomlis DNA polymerase and the T. iitoraiis DNA 
p olymerase respec tively. Also provided are 
methods for producing recombinant 
archaebacteria thermostable DNA polymerase 
and methods for enhancing the expression of 
such polymerases by identifying, locating and 
removing introns from within the DNA coding 
for such DNA polymerases. 
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FIELD OF THE INVENTION 

The present invention relates to recombinant DNA polymerases from archaebacterium, to isolated DNA 
coding for said DNA polymerases which hybridizes to DNA probes prepared from the DNA sequence coding 
5 for T. Ittoralis DNA polymerase, to DNA and antibody probes employed in the isolation of said DNA, as well as 
to related methods for isolating said DNA and methods of identifying, locating and removing intervening nu- 
cleotide sequences within said DNA in order to enhance expression of said DNA polymerases 

BACKGROUND OF THE INVENTION 

10 

DNA polymerases are a family of enzymes involved in DNA repair and replication. Extensive research has 
been conducted on the isolation of DNA polymerases from mesophilic microorganisms such as £ coii. See, 
for example, Bessman, et al., J. Biol. Cham. (1957) 233:171-177 and Buttin and Komberg J. Biol. Cham.. (1966) 
241:6419-5427. 

is Examples of DNA polymerases isolated from £ Co// include £ coii DNA polymerase I, Wenow fragment 

of E. coii DNA polymerase I and T4 DNA polymerase. These enzymes have a variety of uses in recombinant 
DNA technology including, for example, labelling of DNA by nick translation, second-strand cDNA synthesis in 
cDNA cloning, and DNA sequencing. See Maniatis, et al.. Molecular Cloning: A Laboratory Manual (1962). 
Recently, U.S. Patent Nos. 4,683,195. 4,683,202 and 4,800,159 disclosed the use of the above enzymes 

20 in a process for amplifying, detecting, and/or cloning nucleic acid sequences. This process, commonly referred 
to as polymerase chain reaction (PCR), involves the use of a polymerase, primers and nucleotide triphosphates 
to amplify existing nucleic acid sequences. 

Some of the DNA polymerases discussed above possess a 3'-5* exonudease activity which provides a 
proofreading function that gives DNA replication much higher fidelity that it would have if synthetis were the 

25 result of only a one base-pairing selection step. Brutlag, D. and Komberg, A.. J. Biol. Cham., (1972) 247:241- 
248. DNA polymerases with 3'-5* proofreading exonudease activity have a substantially lower base incorpor- 
ation error rate when compared with a non-proofreadmg^exonudease-possessing polymerase. Chang, L.M.S.. 
J. Biol. Cham., (1977) 252:1873-1880. . . ' 

Research has also been conducted on the isolation and purification of DNA polymerases from thermo- 

30 philes, such as Thermus aquaticus. Chien, A., et al. J. BactehoL (1 976) 1 27:1 550-1 557, disdoses the isolation 
and purification of a DNA polymerase with a temperature optimum of 80°C from T. aquaticus YT1 strain. The 
Chien, et al., purification procedure involves a four-step process. These steps involve preparation of crude ex- 
tract, DEAE-Sephadex chromatography, phosphocellulose chromatography, and chromatography on DNA cel- 
lulose. Kaledin, et al., Bbkhymiyay (1980) 45:644-651 also disdoses the isolation and purification of a DNA 
35 polymerase from cells of T. aquaticus YT1 strain. The Kaledin, et al. purification procedure involves a six-step 
process. These steps involve isolation of crude extract ammonium sulfate precipitation, DEAE-cellulose chro- 
matography, fractionation on hydroxys pa tite, fractionation on DEAE-cellulose, and chromatography on single- 
strand DNA-ceilulose. 

United States Patent No. 4,889,81 8 disdoses a purified thermostable DNA polymerase from T. aquaticus, 

40 Taq polymerase, having a molecular weight of about 86,000 to 90,000 daltons prepared by a process substan- 
tially identical to the process of Kaledin with the addition of the substitution of a phosphocellulose chromatog- 
raphy step in lieu of chromatography on single-strand DNA-ceilulose. In addition, European Patent Application 
0258017 disdoses Taq polymerase as the preferred enzyme for use in the PCR process discussed above. 
Research has indicated that white the Taq DNA polymerase has a 5'-3' polymerase-dependent exonu- 

« dease function, the Taq DNA polymerase does not possess a 3*-5' proofreading exonudease function. Lawyer, 
F.C., et al. J. Biol. Chem., (1989) 264:11, p. 6427-6437. Bernard, A., et al. Call (1989) 59:219. As a result, Taq 
DNA polymerase is prone to base incorporation errors, making its use in certain applications undesirable. For 
example, attempting to done an amplified gene is problematic since any one copy of the gene may contain an 
error due to a random misincorporation event Depending on where in the replication cyde that error occurs 

so (e.g., in an early replication cyde), the entire DNA amplified could contain the erroneously incorporated base, 
thus, giving rise to mutated gene product Furthermore, research has indicated that Taq DNA polymerase has 
a thermal stability of not more than several minutes at 100°C. 

Accordingly, other DNA polymerases with comparable or improved thermal stabiity and/or 3' to 5* exonu- 
dease proofreading activity would be desirable for the scientific community. One such enzyme (described in 

55 more detail below), DNA polymerase from Thermococcus litoraMs, an archaebacterium that grows at temper- 
atures dose to 100°C near submarine thermal vents, has been doned into E. coii. The production of large 
amounts of this recombinant enzyme protein from this gene is complicated, however, by the presence of two 
introns, one of which must be removed by genetic engineering techniques, and the other which encodes an 
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endo nuclease which is spliced out in E. coli. 

It would be desirable to obtain and produce other highly thermostable DNA polymerases from archaebac- 
tenum which have a 3' to 5' proofreading activity and/or comparable or improved thermal stability so as to im- 
prove the DNA polymerase processes described above. 

SUMMARY OF THE INVENTION 
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In accordance with the present invention, there is provided methods and products for identifying, isolating 
and cloning DNA which encodes DNA polymerases from archaebacteria. The present invention also relates to 
recombinant DNA polymerases from archaebacteria as well as to methods of improving expression of said re- 
combinant DNA polymerases by identifying, locating and removing intervening nucleotide sequences or introns 
which occur within the DNA coding for said polymerases. 

More specifically, in accordance with the present invention, it has been discovered that DNA coding for 
DNA polymerases from archaebacterium have substantial homology both at the DNA and amino acid level It 
has also been discovered that the DNA from archaebacterium coding for such enzymes appear to have one 
of more intervening nucleotides or introns which also share substantially homology at the DNA level 

Thus, in accordance with the present invention. DNA probes can be constructed from the DNA sequence 
coding for one DNA polymerase from archaebacterium. such as Thermococcus litoralis, and used to identify 
and isolate DNA coding for DNA polymerases from other Archaebacterium such as Pyrococcus. Similarly an- 
tibody probes which are cross-reactive with T. litoralis DNA polymerase can also be used to identify DNA coding 
coding sequences which express such other DNA polymerases. 

Once the DNA coding for the target DNA polymerase has been isolated, it can be used to construct ex- 
pression vectors in order to produce commercial quantities of the target DNA polymerase. In this regard the 
present invention also provides methods of increasing expression levels of the target DNA polyrrierasebviden- 
^ngjocatjn^ac nucleotide sequences or introns which occur in me^NAse^ 
quenM^odin5ipj^e_DNA polymerase. As discussed below, while certain introns are spliced outTn E. caff., 
expressionaf.Jhe recombinant DNA polymerase can be enhanced by removal of such rntBrvening'nucleotide 
sequences prior to expression in E. Soli. ""' ~~ — " ' " " 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A - is a photograph of the SDS-poiyacryiamide gel of example 1 . 

FIG. 1 B - is a graph showing the polymerase activity and exonuclease activity of the proteins eluted from 
lane 2 of the gel in Fig. 1 A. 

is a restriction site map of the Xba fragment containing the gene encoding the T. litoralis DNA 
Polymerase which is entirely contained within the BamHI fragment of bacteriophage NEB 619. 
Figures 3A and 3B are graphs showing the half-life of native and recombinant T. litoralis DNA. 
respectively. 

FIG. 4 - is a graph showing the response of T. litoralis DNA polymerase and Klenow fragment to the pres- 
40 ence or absence of deoxynucleotides. 

FIG. 5 - is a restriction site map showing the organization of the T. litoralis DNApolymerase gene in native 

DNA (BamHI fragment of NEB 619) and in £. coli NEB671 and NEB687. 
FIG. 6 - is a partial nucleotide sequence of the 14 kb £amHI restriction fragment of bacteriophage 
NEB619 inclusive of the 1 .3 kb. 1.6 kb and 1.9 ktx£co Rl fragments and part of the Eco RI/BamHI 
*s fragment 

FIG. 7 - is a comparison of the amino acids in the DNA polymerase consensus homology region III with 

the amino acids of the T. litoralis homology island III. 
FIGS. 8-10 are representations of the vectors pPR969 and pCAS4 and V1 74-1 B1 . respectively. 
FIG. 11 - is a graph illustrating the T. litoralis DNA polymerase variant constructed in Example VI lacks de- 
» tectable 3*to 5' exonuclease activity. 

FIG. 12 - is a nucleotide sequence of the primers used in Example III. 

FIG. 13A- is the ethidium bromide stained agarose gel of Pvroeoccus sp. DNA cut with EcoR I (lane 3), 
BamH I (lane 4) and Hind III (lane 5). Lane 1 is XDNA cut with Hind III as markers and lane 2 is 
PBR322 as a marker. 

55 FIG. 13B- is an autoradiography of a Southern hybridization of the same gel in Fig. 13A. The "P-DNA probe 
was prepared from a 1 .3 Kb Eco Rl fragment that encodes the amino terminal portion of the T. 
Moral* DNA polymerase. Note that the BamH I cut Pyrococcus sp. DNA gives a single band of 
about 4-5 Kb with the probe. The fact that the 23 Kd band of Hind III cut XDNA shows up on the 
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fim is due to nonspecific hybridization to the large amount of DNA present in that band. The fact 
that the piasmid pBR322 lights up is due to homologous sequences in the probe. 

FIG. 14 - is a restriction site map of the 4.8 Kb BamH I fragment containing the gene containing the Pyr- 
ococcus sp. DNA polymerase in the pUC19 piasmid of E. coli 2207 (NEB#720). 

FIG. 1 5 - illustrates the probes used to analyze the similarity of DNA for other target archaebacteria. 

FIG. 16 * is an autoradigraph of quadruplicate Southern blots decribed in Example XIV aiustrating the hy- 
bridization of probes to 7 IHoraiis and Pyrococcus sp. DNA but not to 7. aquaticus DNA. 

FIG. 17 - is a Western blot of crude lysates from 7. IHoraiis (V), Pyrococcus sp. G-l-J (J), Pyrococcus sp. 

G-l-H (H), or purified polymerases from Pyrococcus sp. GB-D (DV). 7. aquaticus (T) or £. coli 
(E) reacted with affinity purified anti-vent DNA polymerase antibody in Part A or anti-Taq DNA 
polymerase antibody in Part B. M represents the marker proteins. The arrow indicates the position 
of the 7. IHoraiis and Pyrococcus sp. DNA polymerase proteins. The reactivity in Part B is to back- 
ground proteins and not to the DNA polymerases as seen in Part A. 

FIG. 1 8 - is a partial DNA nucleotide sequence of the gene coding for the Pyrococcus sp. DNA polymerase. 

FIG. 19 - is a comparison of the deduced amino acid sequence of Pyococcus sp. DNA polymerase to 7. 
IHoraiis DNA polymerase. 

DETAILED DESCRIPTION OF THE INVENTION 



In accordance with one preferred embodiment of the present invention, ttefeoj^ 
ducing recqnrt cg^^ preferred process comprises 1) forming a 

genomic library from the target archaebacterium, 2) transforming or transf acting an appropriate host cell, 3) 
either i) reacting the DNA from the transformed or transfected host ceils with a DNA probe which hybridizes to 
the DN A coding for the DNA polymerase from 7. IHoraiis, or ii) reacting the extract from the transformed or trans- 
fected host ceils with an antibody probe which is cross-reactive with 7. WoM/^DJ^po^yrneraise. 4) assaying 
the transformed or transfected cells of step 3 which either hybridize to the DNA probe or cross react with the 
7. IHoraiis specific antibody for thermostable DNA polymerase activity: 

The aforementioned method allows for the production of recombinant DNA polymerases from archaebac- 
terium, as well as for the isolation of DNA coding for said polymerases. 
30 In accordance with another preferred embodiment, there is provided a method focenhancing the expression 

of recombinant Dt^^ymerasesjrpm archaebacterium. As noted above, it is believed that the DNA coding 
for DNA polymerases from archaebacterium may possess one or more introns which may complicate expres- 
sion of the target recombinant DNA polymerase. Location and removal of these introns prior to constructing 
the expression system has been found to enhance expression of the target DNA polymerase, even when the 
35 intron is normally spliced out in its host cell. As discussed in more detail below, the intron can be identified and 
removed in a number of ways. In particular, it has also been found that the introns of 71 IHoraiis share substantial 
homology at the DNA level with other genuses of archaebacteria such as Pyrococcus. Knowledge of this fact 
should facilitate the identification, location and removal of introns by the methods described in more detail be- 
low. 

40 In practicing certain embodiments of the present invention it is preferable to employ either i) DNA probes 

which hybridize to the DNA coding for 7 IHoraiis DNA polymerase, or ii) antibodies which cross-react with 7. 
IHoraiis DNA polymerase. DNA probes are preferably constructed based on the DNA sequence coding for the 
7. IHoraiis DNA polymerase (See Fig. 6), while the antibody probes are preferably made from the purified 7. 
IHoraiis enzyme itself. Following the procedures of the present invention, one could, of course construct probes 

45 based on the DNA polymerase or its DNA from other sources of archaebacterium. However, the preferred DNA 
polymerase and DNA used to construct such probes is from 7 IHoraiis. 



Production of Native 7. IHoraiis DNA Polymerase 

50 7 IHoraiis DNA polymerase is obtainable from 7. IHoraiis strain NS-C (DSM No. 5473, a sample of which 

has also been deposited at the American Type Culture Collection on September 17, 1991 under ATCC Acces- 
sion No. 55233). 7 IHoraiis was isolated from a submarine thermal vent near Naples, Italy in 1985. This organ- 
ism, 7 IHoraHs, is an extremely thermophilic, sulfur metabolizing, archaebacteria, with a growth range between 
55°C and 98°C. Neuner, et al., Arch. Microbiol. (1990) 153:205-207. 

55 For recovering the native protein, 7. IHoraiis may be grown using any suitable technique, such as the tech- 

nique described by Belkin, et al.. Arch Microbiol. (1985) 142:181-186, the disclosure of which is incorporated 
by reference. Briefly, the cells are grown in the media described above containing 10 mg/ml of sulfur and 0.01 
M cysteine in 1 5 ml screw cap tubes at 95°C for 2 days. When larger amounts of cells are required, 1 titer screw 
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cap bottles are used and after sterilization are inoccuiated with a fresh 10 ml culture and grown at 90-95°C for 

2 days. 

After cell growth, one preferred method for isolation and purification of the enzyme is accomplished using 
the multi-step process as follows: 

First, the cells, if frozen, are thawed, suspended in a suitable buffer such as buffer A(10 mM KP0 4 buffer 
PH 7^; 1.0 mM EDTA. 1.0 mM beta-mercaptoethanol). sonicated and centrifuged. The supernatant is then 
passed through a column which has a high affinity for proteins that bind to nucleic acids such as Affiget blue 
column (Biorad). The nucleic acids present in supernatant solution of 7: IHoraiis and many of the proteirn'^asV 
trough the column and are thereby removed by washing the column with several column volumes of low salt 
buffer at pH of about 7.0. After washing, the enzyme is eluted with a linear gradient such as 0.1 to 2.0 M NaCI 
buffer A. The peak DNA polymerase activity is dialyzed and applied to aphospho^Uulosertymn. The column 
» washed and the enzyme activity eluted with a linear gradient such asoTtoTb^NaOhbufferA. The peak 
DNA polymerase activity is dialyzed and applied to a DNA cellulose column. The column is washed and DNA 
polymerase activity is eluted with a linear gradient of 0.1 to 1.0 M NaCI in buffer A. The fractions containing 
DNA polymerase activity are pooled, dialyzed against buffer A. and applied to a high performance liquid chro- 
matography column (HPJ^rr^C^oluii^ exchanger). The enzyme is again eluted with a linear gra- 
d.entsuchas0.05to1.0MNaClinab^ 

diluted and applied to HPLCjTjono^Sw}^ exchanger). The enzyme is again eluted with a linear gra- 
dient such as 0.05 to 1 .0 M NaCI in buffer A. The enzyme is about 50% pure at this stage. The enzyme may 
be further purified by precipitation of a contaminating lower molecular weight protein by repeated dialysis 
against buffer A supplemented with 50 mM NaCI. 

The apparent molecular weight of the DNA polymerase obtainable from T. Irtomlis is between about 90.000 
to 95.000 daitons when compared with protein standards of known molecular weight, such as phosphorylase 
B assigned a molecular weight of 97.400 daitons. It should be understood.-however. that as a protein from an 
extreme thermophile. T. litoralis DNA polymerase may electrophorese at an aberrant relative molecular weight 
due to failure to completely denature or other intrinsic properties. The exact molecular weight of the thermo- 
stable enzyme of the present invention may be determined from the coding sequence of the T. Btoralis DNA 
polymerase gene. The molecular weight of the eluted product may be determined by any technique, for exam- 
ple, by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) using protein molecular weight markers. 

Polymerase activity is preferably measured by the incorporation of radioactively labeled deoxynudeotides 
into DNAse-treated. or activated. DNA; following subsequent separation of the unincorporated deoxynudeo- 
tides from the DNA substrate, polymerase activity is proportional to the amount of radioactivity in the add- 
.nsoluble fraction comprising the DNA. Lehman. I.R.. et al.. J. Biol. Chem. (1958) 233:163. the disclosure of 
which is incorporated herein by reference. 

The half-life of the DNA polymerase of the present invention at 100*C is about 60 minutes. The thermal 
stabdity or half-life of the DNA polymerase is determined by preincubating the enzyme at the temperature of 
interest in the presence of all assay components (buffer. MgCI* deoxynudeotides. and activated DNA) except 
the single radmactrvely-labeled deoxynudeotide. At predetermined time intervals, ranging from 4-1 80 minutes, 
small aliquots are removed, and assayed for polymerase activity using the method described above. 

The half-life at 100«C of the DNA polymerase can also be determined in the presence of stabilizers such 
as the nonwnic detergent octoxynol. commonly known as TRITON X-100 (Rohm & Haas Co.). or the protein 
bovine serum albumin (BSA). The non-ionic detergents polyoxyethylated (20) sorbitan mondaurate (Tween 20. 
ICI Amencas Inc.) and ethoxylated alkyl Phenol (nonyl) (ICONOL NP-40. BASF Wyandotte Corp.) can also be 
used. Stabilizers are used to prevent the small amount of enzyme added to the reaction mixture from adhering 
to the sides of the tube or from changing its structural conformation in some manner that decreases its enzy- 
rraticadiv^. The half-life at 100-C of the DNA polymerase obtainable from T. litoralis in the presence of the 
stabilizer TRITON X-100 or BSA is about 95 minutes. 

Preparation Of Recombinant 7. litoralis DNA Polymerase 

T. litoralis DNA polymerase may also be produced by recombinant DNA techniques, as the gene encoding 
th« enzyme has been doned from T. litoralis genomic DNA. The complete coding sequence for the T. litoralis 
DNA polymerase (Figure 6) can be derived from bacteriophage NEB #619 on an approximately 14 kb BamHI 

« ^ment This phage was deposited with the American Type Culture Collection (ATCC) on April 24. 

55 1990 and has Accession No. ATCC 40795. 

The Pr^on of a recombinant form of T. IHoralis DNA pdymerase generally indudes the following stops: 
DNA is isdated which encodes the active form of the pdymerase. either in its native form or as a fusion with 
other sequences which may or may not be deaved away from the native form of the polymerase and which 
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may or may not effect polymerase activity. Next the gene is operably linked to appropriate control sequences 
for expression in either prokaryotic or eukaryotic host/vector systems. The vector preferably encodes ail func- 
tions required for transformation and maintenance in a suitable host and may encode selectable markers 
and/or control sequences for T. litoralis polymerase expression. Active recombinant thermostable polymerase 
can be produced by transformed host cultures either continuously or after induction of expression. Active ther- 
mostable polymerase can be recovered either from within host cells or from the culture media if the protein is 
secreted through the cell membrane. 

While each of the above steps can be accomplished in a number of ways, it has been found that for cloning 
the DNA encoding T. ntoralis DNA polymerase, expression of the polymerase from its own control sequences 
in £ co// results in instability of the polymerase gene, high frequency of mutation in the polymerase gene, slow 
cell growth, and some degree of cell mortality. 

While not wishing to be bound by theory, it is believed that this instability is due at least in part to the pres- 
ence of a 1B14 bp intron that splits the T. litoralis DNA polymerase gene from nucleotides 1776 to 3389 of Fig. 
6, and a second 1170 bp intron that splits the 7. litoralis DNA polymerase gene from nucleotides 3534 to 4703. 
As discussed below, intervening sequences are also believed to be present in the DNA coding for DNA poly- 
merases from other archaebacteria. Introns from a number of archaebacteria are also believed to share sub- 
stantial homology to the introns present in the DNA for coding for 7. Utoralis DNA polymerase, which, in accor- 
dance with one aspect of the present invention, will facilitate their identification, location and removal. 

Introns are stretches of intervening DNA which separate coding regions of a gene (the protein coding re- 
gions are called exons). Introns can contain nonsense sequences or can code for proteins. In order to make 
a functional protein, the intron must be spliced out of the pre-mRNA before translation of the mature mRNA 
into protein. Introns were originally identified in eukaryotes, but have been recently described in certain pro- 
karyotes. (See, e.g., Krainer and Maniatis (Transcription and Splicing (1988) B.D. Hames and D.M. Glover, eds. 
IRL Press, Oxford and Washington. D.C. pp. 131-206)). When a gene with an intron is transcribed into mRNA 
the intron may self-splice out to form a mature mRNA or cellular factors may be required to remove the intron 
from the pre-mRNA. Id. Bacterial introns often require genus specific co-factors for splicing. For example, a 
Bacillus intron may not be spliced out in E. coli. (Id).. 

However, there is some evidence that suggests that the intervening DNA sequence within the gene coding 
for the 7: litoraiis DNA polymerase is transcribed and translated, and that the peptide produced therefrom is 
spliced out at the protein level, not the mRNA level. Therefore, regardless of where the splicing event occurs, 
in order to express 7 litoralis DNA polymerase in £ co//, it is preferable to delete the intervening sequence 
prior to expression of the polymerase in an E coti system. Of course, the recombinant vector containing the T. 
litoralis DNA polymerase gene could be expressed in systems which possess the appropriate factors for splicing 
the intron, for example, a Thermococcus system. 

it is also preferable that the 7 litoralis thermostable polymerase expression be tightly controlled in E coli 
during cloning and expression. Vedtors^ggfulin practicing the present invention should provide varying de- 
grees of controlled expression oilTTitoraFis polymerase by providing some or all of the following control fea- 
tures : (1) promoters or sites of initiation of transcription, either directly adjacent to the start of the polymerase 
or as fusion proteins, (2) operators which could be used to turn gene expression on or off, (3) ribosome binding 
sites for improved translation, and (4) transcription or translation termination sites for improved stability. Ap- 
propriate vectors used in doning and expression of 7: litoralis polymerase include, for example, phage and plas- 
mids. Example of phage include Xgtil (Promega), X Dash (Stratagene) X Zapll (Stratagene). Examples of plas- 
mids include pBR322, pBluescript (Stratagene), pSP73 (Promega), pGW7 (ATCC No. 40166), pET3A (Rosen- 
berg, et al., Gene, (1987) 56:125-135), and pET11C {Mat hods in Enzymology (1990) 185:60-89). 

Transformation and Infection 

Standard protocols exist for transformation, phage infection and cell culture. Maniatis, et al.. Molecular 
Cloning : A Laboratory Manual (1982). Of the numerous E coli strains which can be used for plasmid trans- 
formation, the preferred strains include JM101 (ATCC No. 33876), XL1 (Stratagene), and RRI (ATCC No. 
31343). and BL21(DE3) plysS {Method in Enzomology (1990) supra), E. constrain XL1, ER1578 and ER1458 
(Raleigh, et al., ALA. Research (1988) 1 6:1563-1 575) are among the strains that can be used for lambda phage, 
and Y1089 can be used for lambda gtll lysogeny. When preparing transient lysogens in Y1089 (Arasu, et al.. 
Experimental Parasitology (1987) 64:281-289), a culture is infected with lambda gtll recombinant phage either 
by a single large dose of phage or by co-culturing with a lytic host The infected Y1 089 cells are preferably grown 
at 37°C in the presence of the inducer IPTG resulting in buildup of recombinant protein within the lysis-defective 
host/phage system, 
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Construction of Genomic DN A Expression Library and Screening for Thermostable Polymerase 

The most common methods of screening for a gene of choice are (1 ) by hybridization to homologous genes 
from other organisms. (2) selection of activity by complementation of a host defect (3) reactivity with specific 
antibodies, or (4) screening for enzyme activity. For * litoralis, antibody detection is preferred since it initially 
only requires expression of a portion of the enzyme, not the complete active enzyme. The i nstability of the T . 
*(2Sli*JE!S!YJnSrw^ have made success by other methods more difficult. 

T. //forafe DNAcan be used to construct genomic libraries as either random fragments or restriction enzyme 
fragments. The latter approach is preferred. Pref erably. Eco Rl partial; > are prepared from T. litoralis genomic 
DNA using standard DNA restriction techniques such as described in Maniatis, et al.. Molecular Cloning :A lab- 
oratory Manual (1982). the disclosure of which is incorporated herein by reference. Other restriction enzymes 
such as BamHI, Nrul and Xbal can also be used. 

Although methods are available to screen both piasmids and phage using antibodies (Young and Davis 
PNAS, (1983) 80:1194-1198). in accordance with the present invention it has been found that phage systems 
J^J? "5*5 b «^.a^ »e.therefore [preferred for the first libraries. Since itte uncertain whetherV. ftoraiiscon- 
troTregions function in £ coli, phage vectors which supply all necessary expression control regions such as 
lambda gt11 and lambda Zap II. are preferred. By cloning T. litoralis O^inToThe f co Rl site of lambda gtil 7: 
litoralis polymerase may be expressed either as a fusion protein with beaVgalactosidase or from its own en- 
dogenous promoter. - 

Once formed, the expression libraries are screened with mouse antKT. IrtoraUs DMA poiymerasejttntiserum 
using standard antibody/plaque procedures such as those described by Young and Davis, PNAS (1 983). supra. 

The mouse anti-7: litoralis DNA polymerase antiserum used to screen the expression libraries can be pre- 
pared using standard techniques, such as the techniques described in Harlow and Cane. Antibodies: A Labo- 
ratory Manual (1 988) CSH Press, the disclosure of which is incorporated herein by reference. Since most sera 
react with £ coli proteins, it is preferable that the T. litoralis polymerase antisera be preabsorbed by standard 
methods against £ coli proteins to reduce background reactivity when screening expression libraries. Phage 
reacting with ante- T. litoralis polymerase antiserum are picked and plaque purified. Young and Davis. PNAS 
(1983), supra. 

The T. litoralis DNA polymerase DNA. coding for part or the whole gene, can then be subcloned in. for ex- 
ample. pBR322. pBluescript. m13or pUC19. If desired, the DNA sequence can be determined by. for example, 
the Sanger dideoxy chain-terminating method (Sanger, F., Nicklen, S. & Coulson. A.R. PNAS (1977) 745463- 
5467). ' " 

Identification of DNA Encoding and Expression of the T. litoralis DNA Polymerase 

SevejrajjTiett»odsjxJst for^ejem^ng thatjie DNA sequence coding for the T. litoralis DNA polymerase 
has been obtained. These include, for example. compaTw gjffiea^aTordeduced amino-terminal sequence of 
t he protei n produced by the recombinant DNA to the native protein, or determining whether the recombinant 
DNA produces a protein which binds antibody specific for native T. litoralis DNA polymerase. In addition, re- 
search by Wang, et al.. FASEB Journal (1 989) 3:20 suggests that certain regions of DNA polymerase sequenc- 
es are highly conserved among many species. As a result, by comparing the predicted amino acid sequence 
of the cloned gene product with the amino acid sequence of known DNA polymerases, such as human DNA 
polymerase and £ coli phage T4 DNA polymerase, the identification of these islands of homology provides 
strong evidence that the recombinant DNA indeed encodes a DNA polymerase. Once identified, the DNA se- 
quence coding for the T. litoralis DNA polymerase, can be cloned into an appropriate expression vector such 
as a plasmid derived from £ cotf. for example. pET3A, pBluescript or pUC19. the piasmids derived from the 
Bacillus subtills such as pUB110. pTP5 and pC194. piasmids derived from yeast such as pSH19 and pSH15, 
bacteriophage such as lambda phage, bacteria such as Agrbbacterium tumefaciens, animal viruses such as 
retroviruses and insect viruses such as Baculovirus. 

As noted above, in accordance with the present invention, it has been found that DNA coding for T. litoralis 
DNA polymerase cwitajn^ojnfron*^^ sequence, spanning from nucleotides 

1776Jo^3389Jn_Fjgure_No. 6, and ij) an . 1J.70 bp intrpn, spanning nucleotides 3534 to~4703 in Figure 6.Ths_ 
1170 bp infron <»des for an endonudease and jsfound to self-splice out in £_cotf. Prior to overexpression , n 
host cells such as £ coli. it is preferable to delete the ONA sequence coding for both the 1614 and 1170 bp 
introns. Even though the 1170 bp intron splices out in £ coli., it has been found that expression vectors which 
do not contain this intron result in increased production of the desired polymerase. 

In general, once an intron has been identified and located within a nucleotide sequence, there are a number 
of approaches known in the art which can be used to delete DNA sequences and therefore splice out an intron 
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in-vitro. One method involves identifying unique restriction enzyme sites in the coding region which are near 
the splice junction or area to be deleted. A duplex oligomer is synthesized to bridge the gap between the two 

restriction fragments. A three-part ligation consisting of the amino end restriction fragment the bridging oligo 
and the carboxy end restriction fragment yields an intact gene with the intron deleted. 

5 Another method is a modification of the above-described method. The majority of the intron is deleted by 

cutting with restriction enzymes with unique sites within the intron, but dose to the coding sequence border. 
The linear plasmid containing a deletion of the majority of the intron is iigated together. Single strand phage 
are generated from the pBluescript vector recombinant by super infection with the f 1 helper phage IR1 . A singe! 
strand oligomer is synthesized with the desired final sequence and is annealed to the partially deleted intron 

10 phage DNA. The remainder of the intron is thus looped out By producing the original phage in £. coli strain 
CJ236 the Kunkel method of mutagenesis Methods in Enymoiogy 1 54:367 (1987)) can be used to select for 
the full deleted intron constructs. 

Yet another method which can be used to delete the intron uses DNA amplification. See, for example, Man- 
iatis, et at. Molecular Cloning: A Laboratory Manual, (1 989) Vol. 2, 2nd edition, the disclosure of which is herein 

15 incorporated by reference. Briefly, primers are generated to amplify and subsequently join the amino and car- 
boxy! halves of the gene. 

When an intron is deleted /n-vrtro, using the methods discussed above, the native splice junction may be 
unknown. Accordingly, one skilled in the art would predict that several possible artificial splice junctions exist 
that would result in the production of an active enzyme. 

20 Once the intron is deleted, overexpression of the 7: litoralis DNA polymerase can be achieved, for example, 

by separating the T. litoralis DNA polymerase gene from its endogenous control elements and then operably 
linking the polymerase gene to a very tightly controlled promci ar such as a T7 expression vector. See, Rosen- 
berg, et al.. Gene (1987) 56:126-135, which is hereby incorporated by reference. Insertion of the strong pro- 
moter may be accomplished by identifying convenient restriction targets near both ends of the T. litoralis DNA 

25 polymerase gene and compatible restriction targets on the vector near the promoter, or generating restriction 
targets using site directed mutagenesis (Kunkel (1984) supra), and transferring the I litoralis DNA polymerase 
gene into the vector in such an orientation as to be under transcriptional and translational control of the strong 
promoter. 

7! litoralis DNA polymerase may also be overexpressed by utilizing a strong ribosome binding site placed 
30 upstream of the T. litoralis DNA polymerase gene to increase expression of the gene. See, Shine and Dalgamo, 
Proc. Natl. Acad. Sci. USA (1974) 71 :1 342-1 346, which is hereby incorporated by reference. 

The recombinant vector is introduced into the appropriate host using standard techniques for transforma- 
tion and phage infection. For example, the calcium chloride method, as described by Cohen. S.N., PNAS (1 972) 
69:2110 is used for E. co//, the disclosure of which is incorporated by reference. The transformation of Bacillus 
35 is carried out according to the method of Chang, S., et al.. Molecular and General Genetics (1979) 168:111, 
the disclosure of which is incorporated by reference. Transformation of yeast is carried out according to the 
method of Parent et al.. Yeast (1985) 1 :83-138, the disclosure of which is incorporated by reference. Certain 
plant cells can be transformed with Agmbactehum tumefaciens, according to the method described by Shaw, 
C.H., et al.. Gene (1983) 23:315, the disclosure of which is incorporated by reference. Transformation of animal 
40 cells is carried out according to, for example, the method described in Virology (1973) 52:456, the disclosure 
of which is incorporated by reference. Transformation of insect cells with Baculovirus is carried out according 
to, for example, the method described in Biotechnology (1988) 6:47, the disclosure of which is incorporated 
herein by reference. 

The transformants are cultivated, depending on the host cell used, using standard techniques appropriate 
45 to such cells. For example, for cultivating £. co//, cells are grown in LB media (Maniatis, supra) at 30°C to 42°C 
to mid log or stationary phase. 

The T. litoralis DNA polymerase can be isolated and purified from a culture of transformed host cells, for 
example, by either extraction from cultured cells or the culture solution. 

When the T. litoralis DNA polymerase is to be extracted from a cultured cell, the cells are collected after 
so cultivation by methods known in the art, for example, centrifugation. Then, the collected cells are suspended 
in an appropriate buffer solution and disrupted by ultrasonic treatment lysozyme and/or freeze- th awi ng . A crude 
extract containing the I litoralis DNA polymerase is obtained by centrifugation and/or fitrabon. 

When the 7. litoralis DNA polymerase is secreted into the culture solution, i.e., alone or as a fusion protein 
with a secreted protein such as maltose binding protein, the supernatant is separated from the cells by methods 
55 known in the art 

The separation and purification of the T. litoralis DNA polymerase contained in the culture supernatant or 
the cell extract can be performed by the method described above, or by appropriate combinations of known 
separating and purifying methods. These methods include, for example, methods utilizing solubility such as 
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salt precipitation and solvent precipitation, methods utilizing the difference in molecular weight such as dialysis, 
ultra-filtration, gel-filtration, and SDS-oolyacryiamide gel electrophoresis, methods utilizing a difference in etec^ 
trie charge such as ion-exchange column chromatography, methods utilizing specific affinity such as affinity 
chromatography, methods utilizing a difference in hydrophobic^ such as reverse-phase high performance liq- 
uid chromatography and methods utilizing a difference in isoelectric point such as isoelectric focusing electro- 
phoresis. 

One preferred method for isolating and purification of the recombinant enzyme is accomplished using the 
multi-stage process as follows. 

First, the cells, if frozen are thawed, suspended in a suitable buffer such as Buffer A (100 mM Nad, 25 
mM Tris pH 7.5, 0.1 mM EDTA, 10% glycerol, 0.05% Triton X-100), lysed and centrifuged. The clarified crude 
extract is then heated to 75°C for approximately 30 minutes. The denatured proteins are removed by centrifu- 
gation. The supernatant is then passed through a column that has high affinity for proteins that bind to nudeic 
acids such as Affigel Blue column (Biorad). The nucleic acids present in the supernatant solution and many of 
proteins pass through the column and are thereby removed by washing the column with several column vol- 
umes with low-salt buffer at pH of about 7.0. After washing, the enzyme is eluted with a linear gradient such 
as 0.1 M to 1.5 M NaCI Buffer A. The active fractions are pooled, diaJyzed and applied to a phosphoceilulose 
column. The column is washed and DNA polymerase activity eluted with a linear gradient of 0.1 to 1.0 M NaCI 
in Buffer B (100 M NaCI, 15 mM KP0 4 . 0.1 mM EDTA. 10% glycerol, 0.05% Triton X-100, pH 6.8). The fractions 
are collected and BSA is added to each fraction. The fractions with DNA polymerase activity are pooled. The 
T. litoraiis DNA polymerase obtained may be further purified using the standard product purification techniques 
discussed above. 

Stabilization and Use of the T. litoraiis DNA Polymerase 

For long-term storage, the thermostable enzyme of the present invention is stored in the following buffer' 
0.05 M Nad, 0.01 M KPO* (pH 7.4), 0.1 mM EDTA and 50% glycerol at -20°C. 

The 7: litoraiis DNA polymerase of the present invention may be used for any purpose in which such an 
enzyme is necessary or desirable. For example, in recombinant DNA technology including, second-strand 
cDNA synthesis in cDNA cloning, and DNA sequencing. See Maniatis, et ai., supra. 

The T. litoraiis DNA polymerase of the present invention may be modified chemically or genetically to in- 
activate the 3*-5' exonudease function and used for any purpose in which such a modified enzyme is desirable, 
e.g., DNA sequencing. 

For example, genetically modified T. litoraiis DNA polymerase may be isolated by randomly mutagenizing 
the I litoraiis DNA polymerase gene and then screening for those mutants that have lost exonudease activity, 
without loss of polymerase activity. Alternatively, genetically modified T. litoraiis DNA polymerase is preferably 
isolated using the site-directed mutagenesis technique described in Kunkel, T.A., PNAS (1985) 82:488-492, 
the disdosure of which is herein incorporated by reference. 

In addition, the T. litoraiis DNA polymerase of the present invention may also be used to amplify DNA, e.g., 
by the procedure disdosed in U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159. 

Construction of Genomic DN A Library and Screening for Thermostable Polymeras e from Archaebacteria 
other than T. litoraiis " 

In accordance with the present invention, cross hybridization of a target Archaebacterium genomic DNA 
library using an DNA probe prepared from the DNA polymerase gene of 7: litoraiis and/or cross-reactivity with 
mouse antt-7. Oralis antiserum allows for the identification and isolation of the DNA polymerase genes from 
other archaebacierium, such as Methanococcus, Methanobacter, Methanomiaobium, Halobacter, Thermo- 
plasma, Thenmococcus, Pyrococcus. and the like (see, e.g. Woese, C, Microbiologics! Reviews, pp. 221-270, 
June 1987, the disdosure of which is hereby incorporated by reference). 

In general, DNA from other archaebacterium can be isolated using the method described above. As with 
T. litoraiis The archaebacterium DNA once isolated can be used to construct genomic libraries as either random 
fragments or restriction enzyme fragments. The latter approach is preferred. This approach generally entails 
cutting the target genomic DNA with various restriction enzymes and probing the fragments so formed with, for 
example/a T. litoraiis DNA probe. A library is thereafter formed from one or more of the enzymes which produce 
a single hybridization band and which are about 4Kb or large enough to at least code for the molecular weight 
of the target DNA polymerase. 

Although methods are available to screen both plasmtds and phage using antibodies or DNA probes (Young 
and Davis, PNAS (1983) 80:1194-1198; Maniatis et al, supra) in accordance with the present invention it has 
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been found the phage systems tend to work better and are therefore preferred for the first libraries. 

Genomic libraries can be screened using the colony or plaque hybridization procedure (Maniatis, et al. su- 
pra) or using the antibody plaque DNA procedures. In the colony or plaque hybridization procedure, ONA probes 
may be formed by labelling a polymerase gene from a related organism, for example, T. litoraiis. The genomic 
library is hybridized with labeled probe under conditions which depend on the stringency desired, which may 
be experimentally determined in each case as described below. 

Specifically, although each archaebacterium will require its own set of hybridization conditions, in order to 
maximize the detectability of the target DNA, several basic approaches can be followed. Optimum hybridization 
conditions and probes can be determined for each target archaebacterium, for example, by performing test 
Southern blots at various temperatures. Hybridization is typically carried out in 4X SET. 0.1 M sodium phos- 
phate, pH I 7.£ 0.1% ; Na pyroph^phate/o.1% SDS, 1X Denhardts ^utonlManjaSsT^ selection 
can also vary with respect to size and regions of the 7. litoraiis DNA polymerase gene (Fig. 6). Optimum probes 
can be determined for a target archaebacterium by performing test Southern blots as described above with large 
or small DNA fragments, or even oligomers. One could, for example, select probes that are totally within one 
of the intervening sequences of T. litoraiis to screen for intervening sequences in the target archaebacterium's 
DNA polymerase gene, or such probes could be limited to mature polymerase coding regions. 

In general, the DNA probe could be the entire sequence of Figure 6, or a portion thereof. The DNA probe 
should be at least 20 nucleotides in length, preferably at least about 50 nucleotides in length, most preferably 
at least about 1 50 nucleotides in length. Three such DNA probes which may be used are the 1 .3 kb fragment 
(nucleotides 1 to 1 274 of Figure 6), the 1 .6 kb fragment (nucleotides 1 269 to 2856 of Figure 6), and the 1 .9 kb 
fragment (nucleotides 2851 to 4771 of Figure 6). 

As with 7. litoraiis, the DNA coding for the target archaebacterium DNA polymerase may also be obtained 
using an antibody/plaque procedure. When genomic expression libraries are screened using the antibody/pla- 
que procedure, since it is uncertain whether the target archaebacterium's control regions will function in £ coli, 

phage vectors which supply all necessary expression control regions such as Xgt11 and XZap II are preferred 
for antibody screening. By cloning archaebacterium DNA into an appropriate site such as the EcoR I site of 

Xgt11. the archaebacterium's DNA polymerase may be expressed either as a fusion protein with beta- 

galactosidase in Xgt11 and XZapll or from its own endogenous promoter. 

Once formed, the expression libraries can be screened either with anti-archaebacterium DNA polymerase 

antiserum from the target archaebacterium or, by antibody against the DNA polymerase of a closely related 

organism (i.e. 7. litoraiis, another extreme thermophHe) using standard antibody/plaque procedures such as 

those described by Young and David, PNAS (1983), supra. 

Using either procedure, the archaebacterium DNA polymerase DNA, coding for part or the whole gene, 

once identified can then be subcloned in, for example, pBR322 t pBluescript, M13 or pUC19. If desired, the DNA 

sequence can be determined by. for example, the Sanger dideoxy chain-terminating method (Sanger, F„ Nick- 

len, S. & Coulson, A.R. PNAS (1977) 74:5463-5467). 

Identification of the DNA Encoding the DNA Polymerase 

Once the genomic DNA expression library has been constructed and the target DNA coding for the arch- 
aebacterium DNA has been identified by use of DNA probes or antibody cross-reactivity from 7! litoraiis, one 
may confirm that a DNA polymerase sequence has been obtained as described above for 7. litoraiis. The re- 
sulting clone may be sequenced by standard methods such as by Sanger dedioxy sequencing. 

Identification, Location and Removal of Intervening Sequencing and Overexpression of the DNA Polymerase 

In accordance with another aspect of the present invention, it has been found that the DNA coding for DNA 
polymerases from other archaebacterium also contain one or more intervening nucleotide sequences or introns. 
Moreover, it has been found that not only do such introns share substantial homology with the introns found in 
T. fitoralis, they appear to be located in the same positions. More specifically, in accordance with the present 
invention, introns have been identified in the Pol a conserved region motifs in both T. litoraiis and Pyrococcus 
sp. DNA polymerase genes. Without wishing to be bound by theory, it is believed that other archaebacteria also 
possess one or more intervening sequences in the coding region for their DNA polymerases. These introns 
can be identified in two ways Jfttj^^^(s)^s related to the intronls) located in J. litoraiis and/or Pyrococcus 
sp. DNA polymerases genes, they can be identified by low stringency hybridization to DNA probes derived from 
jhe intron sequences of T. litoraiis or Pyrococcus sp. DNA polymerase genes. Secondly, once the archaebac- 
terium DNA polymerase gene has been identified and isolated as described above, its DNA polymerase gene 
can be sequenced at the DNA level and the sequence compared to (1 ) other DNA polymerases to identify non- 
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similar segments, or (2) conserved motifs to look for the absence of one or more of Regions l-VI, followed by 
identification of interruption points in the Region(syWhich are absent " " 

Once identified, the intron(s) can be removed in vitro by. for example, the techniques described above and 
in the Examples for removal of the two introns in the T. litoralis DNA polymerase gene. 

The following examples are given to illustrate embodiments of the present invention as it is presently pre- 
ferred to practice. It will be understood that the examples are illustrative, and that the invention is not to be 
considered as restricted except as indicated in the appended claims. 

EXAMPLE I 

PURIFICATION OF A THERMOSTABLE DNA POLYMERASE FROM THERMOCOCCUS LITORALIS 

7! litoralis strain NS-C (DSM No. 5473) was grown in the media described by Belkin, et al. supra, containing 
1 0 g/l of elemental sulfur in a 1 00 liter fermentor at its maximal sustainable temperature of approximately WC 

f5 for two days. The cells were cooled to room temperature, separated from unused sulfur by decanting and col- 
lected by centrifugation and stored at -70°C The yield of cells was 0.8 g per liter. 

1 83 g of cells obtained as described above, were suspended in 550 ml buffer A (1 0 mM KP0 4 buffer, pH 
7.4; 1 .0 mM EDTA. 1 .0 mM beta-mercaptoethanol) containing 0.1 M NaCI and sonicated for 5 minutes at 4»C. 
The lysate was centrifuged at 1 5.000 g for 30 minutes at 4°C. The supernatant solution was passed through 

20 a 470 ml Af^Wuecolumn (Biorad). The column was then washed with 1000 ml of buffer A containing 0.1 M 
NaCI. The column was eluted with a 2000 ml linear gradient from 0.1 to 2.0 M NaCI in buffer A. The ONA poly- 
merase eluted as a single peak at approximately 1 .3 M NaCI and represented 80% of the activity applied. The 
peak activity of DNA polymerase (435 ml) was dialyzed against 4 titers of Duffer A. and then applied to 80 ml 
Phosphocellulose column, equilibrated with buffer A containing fl.1 M NaCI. The column was washed with 160 

25 ml of buffer A containing 0.1 M NaCI, and the enzyme activity was eluted with 1000 ml linear gradient of 0.1 to 
1 .0 M.NaCI in buffer A. The activity eluted as a single peak at 0.6 M NaCI and represented 74% of the activity 
applied. The pooled activity (150 ml) was dialyzed against 900 ml of buffer A and applied to a 42 ml DNA-cet- 
lulose column. The column was washed with 84 ml of buffer A containing 0.1 M NaCI, and the enzyme activity 
eluted with a linear gradient of buffer A from 0.1 to 1 .0 M NaCI. The DNA polymerase activity eluted as a single 

30 peak at 0.3 M NaCI, and represented 80% of the activity applied. The activity was pooled (93 ml). The pooled 
fractions were dialyzed against 2 liters of buffer A containing 0.05 M Nad and then applied to a 1.0 irt^EUL 
mono-Q column (Pharmacia). The DNA polymerase activity was eluted with a 1 00 ml linear gradient of 0.05 M 
to 1 .0 M NaCI in buffer A. The DNA polymerase activity eluted as a single peak at 0.1 M NaCI and represented 
16% of the activity applied. The pooled fractions (3.0 ml) were diluted to 6 ml with buffer A and applied to an 

35 1 .0 ml H^PLCmono-S column (Pharmacia) and eluted with a 1 00 ml linear gradient in buffer A from 0.05 to 1 .0 
M NaCI. The activity eluted as a single peak at 0.19 M NaCI and represented 75% of the activity applied. 

By SDS-polyacrylamide gel electrophoresis (SOS-PAGE) and subsequent staining of the proteins using a 
colloidal stamJ^SProblue) nwejensjtiye than Cwnassie Blue (Neurtoff, ^^Electrophoresis (1988) 9:255- 
262), it was determined thafthe DNA polymerase preparation was approximately 50% pure? two major bands 

40 were present, one at 90,000 to 95.000 daitons and a doublet at 18.000 daltons. Figure No. 1 A. A very minor 
band was evident at approximately 80,000 to 85.000 daltons. At this level of purification the polymerase had a 
specific activity of between 30.000 and 50,000 units of polymerase activity per mg of polymerase protein. On 
a separate SDS-polyacrylamide gel verification of the identity of the stained band at 90,000 to 95.000 daltons 
was obtained by cutting the gel lane containing the purified 7. Moratis polymerase into 18 slices. Embedded 

*s proteins were eluted from the gel by crushing the gel slices in a buffer containing 0. 1% SOS and 1 00ug/ml BSA. 
TJie rtutod^roJWMwere denatured by exposure to guanidine HCI. then renatured via dilution of the denaturant 
as described by Hager and Burgess Analytical Biochemistry (1980) 109:76-86. Polymerase activity as meas- 
ured by incorporation of radioactivity labeled »P-dCTP into acid-insoluble DNA (as previously described) and 
assayed for exonudease activity (as measured by the release of 'H-labelled DNA to an acid soluble form as 

50 described in Example V). Asshown in Figjjre No. 1 B, only the 90.000 to 95.000 daltons band alone showed 
either significant polymerase activity or exonudease activity. 

The DNA polymerase preparation was dialyzed against buffer Acontaining 0.05 M Nad. As was determined 
by SDS-PAGE. much of the 1 8.000 dalton protein precipitated out of the solution. The yield of T. litoralis DNA 
polymerase was determined to be 0.5 mg by quantitative protein analysis, and this represented 6.5% of the 

55 total activity present in the starting crude extract 

Purified T. litoraiia polymerase was electrophoresed and stained with either Coomassie Blue or the coiloidai 
stain (ISS Problue) previously described to detect protein. One deeply staining protein band was seen at about 
90.000 to 95,000 daltons: this molecular weight determination was obtained by comparison on the same gel 
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to the migration of the following marker proteins (Bethesda Research Laboratories): myosin, 200.000 daltons; 
phosphorytase B. 97,400 daltons; BSA, 68,000 daltons; ovalbumin, 43,000 daltons, carbonic anhydrase 29,000 
daltons; b-lactoglobulin. 18,400 daltons; lysoyzme 14,300 daltons. 



5 EXAMPLE II 

CLONING OF 7 UTORAUS DNA POLYMERASE GENE 

A. PRODUCTION OF MOUSE ANTI-7 LITORAUS DMA POLYMERASE ANT1SERA 

10 

Immunization of Mice 

A 3 ml solution containing 0.4 mg of polymerase protein (obtained by the method of Example I) was con- 
centrated at 4°C to approximately 0.3 ml and used to, inoculate two mice. The purified 7. litoralis polymerase 

is preparation consisted of four bands of approximately 85-95, 75-85, and a doublet of 1 0-25 kDal on Coomassie 
blue stained SDS-PAGE gels. As shown in Example I, the 7 litoratis polymerase is approximately 90-95 kDal. 
Both 7. litoratis polymerase antisera recognize all four proteins present in the immunogen. 

The immunization schedule was as follows: mouse one was immunized intraperitioneally (IP) with 20 pg 
of 7 litoratis polymerase, prepared as above, in Freunds' complete adjuvant (FCA).Jieyen days later, both mice 

20 were jmmunized IP with 50 pg Zljtoratis polymetaseirLECA. Twenty-seven daysiaterhoth micejwere immun- 
ized IP with 30 pg 7 Utoralis polymerase for mouse one and 50 tig 7 litoralis polymerase for mouse two in 
Freunds' incomplete adjuvant Mouse one was bled two weeks later and mouse two was bled 20 days later. 
Sera was prepared from blood by standard methods (Harlow and Lane, Antibodies: A Laboratory Manual, 
1988). 

25 Anti-7 litoralis polymerase antisera was diluted in TBSTT (20 mM Tris pH 7.5, 1 50 rhM NaCI, 0.2% Tween 

20, and 0.05% Triton-X 100) containing 1% BSA, 0.1% NaAzide, 0.1% PMSF. 

Preabsorption of Anti-7 litoralis Polymerase Antiserum Against E. coli Lysates 

30 Since most sera react with E. coli proteins, 7. litoralis polymerase antisera were preabs orbed, using the 

following method, against E. coli proteins to reduce background reactivity when screening libraries or recom- 
binant antigens. £. coli cell paste was thawed and lysed by sonication and soluble protein was bound to Affigei 
1 0 (Biorad)as described by the manufacturer. 4 ml of E. coli resin were washed two times in TBS (TBSTT with- 
out detergents). 6.35 mi of sera was diluted approximately 1 to 5 in TBSTT, 1 % BSA, 0.1% NaAzide and mixed 

35 with resin overnight at 4°C. The resin was pelleted by centrifugation and washed. The recovered preabsorbed 
sera was at a 1 to 17 diution and was stored frozen at -20°C until use. 

For screening, preabsorbed sera was diluted as above to a final concentration of 1:200. 



B. IDENTIFICATION OF A PROBE FOR THE 7 UTORAUS POLYMERASE GENE 

40 

Construction of a Lambda gtil Expression Library 



A probe for the 7 litoralis polymerase gene was obtained following immunological screening of a lambda 
gtil expression library. 

46 7. //tor^»Cl^wa^art^l^ig^^ as followsrfouyig giTJitoralis DNA was digested at 37°C with five 

unteof Eco_RI I in a 40 fxl reaction using Eco Rl buffer (Eco Rl buffer = 50 mM NaCI, 100 mM Tris pH 7.5, 20 
mM MgCI 2 , 10 mM BME). Three pi of 100 mM EDTA was added to 15 pi samples at 30, 45 and 60 minutes. 2 
/ ^ pg of 7. litoralis DNA was digested for 90 minutes at 37°C with 20 units of Eco Rl in 20 pi reaction using Eco 
^ Rl buffer and the reaction was stopped by adding 2 pi of 100 mM EDTA. 0.2 pg of each digest was electro- 
jl» 50 phoresed on an agarose gel to monitor the extent of digestion. Approximately 3 tig of 7 litoralis DNA Eco Rl 
<r parttals (14 pi from the 60-minute digest and 1 9 pJ from the 90-minute digest) were pooled to form the "Eco Rl 
^ pool" and heated at 65°C for 1 5 minutes. ^ A c o^^^r^c 

\)i^^B^^j}o^^e\ig^^to02B yg of EcoWcut, bacterial alkal ine phospha tase freatedjambda 
<jtil I DNA in a five pi reaction using standard ligation buffer (ligation buffer = 66 mM Tris pH 7.5. 1 mM ATP, 1 
55 mM spermidine, 1 0 mM Mgd2, 1 5 mM DTT. and 2 trig/ml gelatin) and 0.5 pi T4 DNA ligase (New England Bio- 
labs No. 202). The ligation was performed at 16°C overnight 4 pi of this ligation reaction were packaged using 
Gigapack Gold (Stratagene) according to the manufacturers instructions. After incubation at room temperature 
for two hours, the packaged phage were diluted in 500 pi of SM (SM = 100 mM NaCI, 8 mM MgS0 4 , 50 mM 

ei-otu S~ g sou. * -- ^ j,^ 
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Tris pH 7.5, 0.01% gelatin) plus three drops chloroform. The packaged Eco Rl library was called sample V6-1 
and consisted of 1.1 x 10* individual phage. £ coff strain ER1578wa s used for phage infection. 

Immunological Screening of Lambda gtil Expression Library 

The initial phage library was screened (Young, RA. and R.W. Davis Science, (1 983) 222:778-782) with a 
1:200 dilution of the antiserum produced above. 38 phag e (V10-22 through V10-55) which reacted with the anti- 
7: litoralis ONA polymerase antiserum were picked and 16 phage were plague purified. 

The 16 antibody positive phage were used to lysogenize £ coff K-1 2 strain Y1089. Lysoqen s were screened 
10 foi^em^^^^NA^yi^rase activity^no actiytty_was detected. 

Western blots (Towbin, et al., PNAS, (1 979) 76:435<M354ffrom these 16 lysates were probed with anti- 
7: litoralis polymerase antiserum. All proteinsjrom these Iysate3_wtiich naacte^wrth T. litoralis polymerase an- 
teejum were smaller ttumF. Moral* polymerase, andwere also smaller than beta-galactosidase. indicating 
that none were fusion proteins with beta-galactosidase. ~ ~ • - - - — i 

15 Eight of the 16" antibody positive phage were used to affinity purify epitope-specific antibodies from total 
antiserum (Beall and Mitchell, J. Immunological Methods , (1986) 86217-223). 

The eight affinity purified sera were used to probe Western blots of both purified T. litoralis polymerase and 
T. litoralis crude lysates. Antibody purified from NEB 618 plaques specifically reacted with T. litoralis polymerase 
in purified and T. litoralis crude lysates. This was strong evidence that phage NEB 61 8 encodes approximately 
20 38 kOal of the amino terminus of the 7: litoralis polymerase. 

Characterization of Phage NEB 618 and Subctoning of Eco Rl Inserts 

Western blot analysis indicated that phage NEB 618 synthesized several peptides ranging in size from approx- 
.25 imateiy 15-40 kDal which bound T. litoralis polymerase antisera. ONA from phage NEB 618 was purified from 
liquid culture by standard procedures (Maniatis, et al.. supra.) Digestion of NEB 618 ONA with Eco Rl yielded 
fragments of 1 .3 and 1 .7 kb. An Eco Rl digest of NEB 61 8 ONA was iigated to Eco Rl cut pBluescriptDNAi 20 
ug of pBluescriptSK* were digested with 40 units of Eco Rl in 40ul Eco Rl buffer at 37° C for three hours, followed 
by 65' for 15 minutes. 1 0 ug of NEB 61 8 ONA were digested with 40 units of Eco Rl in 40 uJ Eco Rl buffer at 

30 37«C for 75 minutes, followed by 65«C for 1 5 minutes. 1 .75 ug of Eco Rl cut NEB 61 8 DNA were Iigated to 20 
ng Eco Rl cut pBluescriptSK* with one ul T4 DNAIRjase (New England Biolabs No. 202) in 10 ul ligation buffer. 
The ligation was performed overnight at 16«C. JM101 CaCI competent ceils (Maniatis, et al.. supra) were trans- 
formed with 5 ul of the ligation mixture. Of 24 recombinants examjned.albutonei»ntained.the U kbfragment; 
done_V27-5.4 contained the 1 .3 kb T. litoralis DNA fragment. 

35 Antibodies from T. litoralis polymerase mouse antisera were affinity purified, as described above, on lysates 
from V27-5.4 (encoding the 1 .3 kb Eco Rl fragment) and V27-5.7 (encoding the 1 .7 kb Eco Rl fragment in pBlue- 
scnpt) and reacted with Western blot strips containing either purified or crude 7: litoralis polymerase. Antibodies 
selected on lysates of V27-5.4 reacted with T. litoralis polymerase in both crude and purified preparations. In 
addition, the first three amino acids from the N-terminal protein sequence of native T. litoralis polymerase (me- 

40 thionine-isoleucine-leucine) are the same as in the predicted open reading frame (ORF) in the V27-5.4 done. 
Fromjhese results it was conduded that V27-5.4 encoded the amino terminal of T. litoralis polymerase. 
The 1.3 kb Eco Rl fragment of V27-5.4 comprises nucleotides 1 to 1274 of Figure No. 6. The insert DNA was 
large enough to encode the biggest peptides synthesized by this done, but not the entire T. litoralis polymerase. 

45 C. CONSTRUCTION AND SCREENING OF T. UTORAUS SECONDARY LIBRARIES 

Antibody screening discussed above, had identified the DNA fragment coding the amino terminal half of 
the T. litoralis polymerase. In order to find a fragment large enough to code for the entire gene, restriction digests 
of T. litoralis DNA were probed with the amino terminal half of the polymerase gene contained in done V27- 

» 5.4. Restriction digests were performed in separate tubes using a master mix which contained 1 .2 ug of T. li- 
toralis DNA in 39 ul of restriction enzyme buffer (REB, restriction enzyme buffer = 50 mM NaCI, 1 0 mM Tris pH 
7.5. 20 mM MgCI2. 1 0 mM BME). to which 1 .5-200 U of enzyme were added as followed: 1 .5 U Avrll. 9 U Eael, 
10 U Nhel. 20 U Notl. 9 U Spel. 20 U Xhol, 30 U Xbal. 20 U Sad, 10 U BamHI. 20 U <5iai720 ul*ndiiC20 U 
PsU. 12 U Nasi. 10 U Seal. 12 U Xmnl. 20 U EcoRV. 20 U Sal. 20 U Eco Rl. 200 U Eagl, 20 U Oral. 5 U Hapl. 

55 8 U Nrul. 4 U SnaBI. 8 U Stul. 10 U Bdl. 8 U Bglll. 10 U Rsal, 10 U Haelll. 8 U Alul. 4 U Hindi. 10 U Pvull. 6 
USspl. Oneul 10mg/ml BSA was added to the Hindi digest _Balldigest was ; prepared as above except there 
was 0 mM Nad in the buffer. All digest were overriighfat 37°C except Bdl which was incubated at 50°C. Digests 
were electrophoresed on agarose gels and transferred to NC (Southern. J. Mo/. Biol. (1975) 98:503-517). The 
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filters were probed with radiolabeled V27-5.4 DNAand hybridization was detected by autoradio graphy. In mo st 
digests, V27-5.4 DNA hybridized to fragment^re^r^n20kbCj 

™J 1 JL*b>V^^^ kb),Xbal^p^imat^Bkb) ( ClaKapproximately 4.4, 5.5 kb), Ball 

(approximately 8.5 kb) ( Hindi (approximately 2.1, approximately 2.4 kb), Nrul (approximately 5.5 kb) f Bglll (a[>- 
5 proximately 2.9 kb), Haelll (approximately 1.3, approximately 1 .4 kb) and Rsal which gave numerous small 
bands. 

Digests yielding single fragments large enoughJo encode the entire polymerase gene, estimated to be 2.4- 
3 kb, based on the size of the native protein, were BamHI. Xbal, and Nnjl. 



10 BamHI Library 

A BamHI genomic library was constructed usimjjambda DashIL, Lambda Dashll is a BamHI substitution 
vector that can be used to clone 1 0-20 kb BamHI DNA fragments. 25^75 nanograms of 7: litoralis genomic DNA 
digested with BamHI, as described above, was ligated to 0.5 tig BamHI digested, calf intestine phosphatase 

is treated lambda Dashll DNA in five til of standard ligation buffer including 0.5 id T4 DNA ligase (New England 
Bioiabs No. 202). Three nJ of the ligation reaction was packaged (Gigapack Plus, Stratagene) as described 
above. Plaque lifts of 8,000 plaques from the lambda Dashll library were probed with labeled gel purified 1.3 
kb Eco Rl fragment from clone V27-5.4 (Maniatis, et al., supra). 2.5% of the phage hybridjzed to the 1.3 kb 
Eco Rl DNA fragment, two of which were plaque purified (clones lambda NEB 619 a nd lambda V56W9). Boffi 

20 phage contained a 12-15 kb BamHI fragment which hybridized to the 1.3 kb Eco Rl fragment and contained 
the approximately 8 kb Xbal and approximately 5.5 kb Nrol fragments. The BamHI insert was subcloned into 
pBR322. Colonies containing this fragment grew very poorly and, based on the polymerase assay described 
above, failed to produce detectable levels of thermostable DNA polymerase. 

25 Xbal Library 

f. litoralis DNA digested withJO>ahjvas cloned into the Xbal site of pUC19. Colony lifts were probed with 
radiolabeled V27-5.4 DNA. No positivejdones were detected. 

The Xbal fragment from the BamHI insert in lambda NEB 619 (BamHI library above) was subcloned into 

30 the Xbal site of pUC19. Approximately 0.3 *ig of NEB 619 DNAdigested with BamHI was ligated to 0.1 jig pUC19 
DNA digested with BamHI using two \xi T4 DNA ligase (New England Bioiabs No. 202) in 20 pi of standard lig- 
ation buffer. The ligation was incubated overnight at 16°C. CaC» 2 competent JM101 and XL-1 cells were trans- 
formed with five til of ligation mix and incubated overnight at 37°C (Maniatis, et al., supra). Colony lifts were 
probed with radiolabeled purified 1 .3 kb Eco Rl fragment from V27-5.4 DNA. No positives were detected. Com- 

35 petent RRI cells were transformed with 10 pJ of ligation mix and incubated overnight at 30°C. Micro-colonies 
were picked and mini-plasmid preparations (boiling method, Maniatis, et al., supra) analyzed. Most of these 
clones contained the approximateiy^kb^ajjragment The rationale^ this latter experiment was thatsince 
tto B^ W_dones grew poorly, there would be ajnncreased chanwijrf irolatin^ <xn^nmg thej: 

//fonatis polymerase , gene from an Xbal «lony that,a}ro grew slowly. Also, lower twrigeraOire of incubation re- 

40 suits i in Jess copies rfpU CT9 j^mBs per oelk These r^lts prwide^e^ence thatthe TJitoralis^ytTmaae 
gene was toxic to £ coli. Using the f^ymerase (activity assay described above, no thermostable polymerase 
activity was detected in these clones. Restriction analysis indicated that the Xbal clones should contain the 
entire polymerase gene. See Figure No. 2. 

45 Nrul Libraries 

Approximately 0L3jig of NEB 61 9 DNA (BamHI library above) cut with Nrul was ligated to 0^ |ig of pUC1 9 
DNA cut with Hindi exactly as described for the Xbal library. Again, no positives we^fpund by hybridization 
when cells werejncuba^at3iy:, but when transformants were incubated at 30°C, many micro-colonies were 

so observed. Thejrajority ofthese n^o-coionies contein^the approximately 5 . 5 kb N rul insert Using the poly- 
merase activity assay described above, no theroratablejK^^era^^ detected jn these colonies. 
Analysis of these colonies determined that when the direction of f. Litoralis polymerase transcription was the 
same as iacZ in pUC19^e colonies failed to grew at 37°C and were etfrwnely ' uraMUe. ~~ 
However, colonies in which the direction of 7! litoralis polymerase transcription was opposite of IacZ in pUC1 9, 

55 such as in clone Nro21, were more stable. Thisjndfcstedjtat inscription of 7: litoralis polymerase is detri- 
mental to E. co//, and may explain why it was so difficult to done the entiregene. Re^c^onmappingTnaJyais 
indicated that the Nrul clones should contain the entire polymerase gene. See 'Figure No. 2. 
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The T. Moral* is approximately 90-95 kDal which would require approximately 2.4-3.0 Kb DNA to encode 
ttm entire gene. Restriction mapping analysis of the 1 .3 kb Eco Rl fragment, coding for the amino-terminus of 
°^' S po,ymeraso gene ' found within tn « BamHI, Xbal and Nrul clones, discussed above, indicates that 
anthree clones contain the entire polymerase gene. All of these larger dones were unstable in £ coli. Therefore 
alternate methods, as discussed below, for cloning the polymerase were tested. 

D. CLONING THE SECOND HALF OF T. L1TORAUS POLYMERASE GENE 

It is believed that when the entire T. litoralis polymerase gene was cloned in £ co// while under its endo- 
genous control, mutations in the gene arose. To prevent selection of inactive mutants, the polymerase gene 
was cloned from the T. litoralis genome in 2 or more pieces which should each separably be inactive and there- 
fore not selected ^nstR^^rr^^r^ti^ljtomhssBi^ was used to determine which restriction 
enzymes would produce fragments that *c*ldj>ej^pria^ 

^ae^erje. Although the above data indicates that expression of T. JHoraTfe polymerase was^ toxic for £ co// 
rt was also possible that DNA sequences themselves, in or outside of the coding region, were toxic Therefore; 
the minimum sized fragment which could encode the entire gene was determined to be the best choice Re- 
striction analysis indicated that there was an approximately 1.6 kb Eco Rl fragment adjacent to the 3* end of 
the amino terminal 1.3 kb Eco Rl fragment (see Figure No. 2) which could possibly complete the polymerase 
Qone, 

Hybridization Probe for the Second Half of the 7: litoralis DNA Polymerase Gene 

Since none of the previous dones expressed thermostable polymerase activity, it was possible that they 
had accumulated mutations in the coding sequence and would therefore not be suitable sources of the second 
half of the gene. Hybridization probes were therefore required in order to done the downstream fragments from 
the genome. The approximately 3.2 kb Ndel/Clal fragment from done Nru21 (the Nru21 done contains an ap- 
proximately 5.5 kb insert, beginning approximately 300 bp upstream from the start of the polymerase gene) 
was subdoned into pSP73 (Promega) creating done NCII. CaCI* competent RRI cells were transformed, as 
above, with the ligation mixture. Mini-plasmid preps of transformants were analyzed by digestion with Ndel and 
Clal and done NCII containing the 7". litoralis 3.2 kb Ndel/Clal fragment was identified. This done was stable 
in £ col,. The NCII insert was sequenced (Sanger, et al.. PNAS, (1 977) 74:5463-5467). The Clal end was iden- 
tical to the V27-5.4 sequence ( 1 .3 kb Eco Rl fragment coding for the amino-terminus of the T. litoralis polymer- 
ase). The 1.3 kb Eco Rl junction and beyond was sequenced using primers derived from the 1.3 kb Eco Rl 
fragment sequence. The Ndel end was sequenced from primers within the vector. 

Screening of Eco Rl Genomic Libraries 

10 ug of NC11 were digested with 30 U of Eco Rl in 100 ul of Eco Rl buffer at 37«C for two hours. The 
approxonately 1 .6 kb Eco Rl fragment was purified on DE-81 paper (Whatman) after electrophoresis. The ap- 
proximately 1 .6 kb Eco Rl fragment was radiolabeled and used to probe the original Eco Rl lambda gtll library 
Infection and plaque lifts were performed as above. Three positives were identified and plaque purified. All con- 
tain the approximately 1.6 kb Eco Rl fragment but some also contain other inserts. 

An Eco Rl library was also constructed in lambda Zapll. 2 ug of T. litoralis DNA were digested with 20 U 
Eco Rl for five hours at 37°C in 20ul Eco Rl buffer and then heat treated at 65'C for 15 minutes. Approximately 
15 nanog^ms of 7. Utoralis DNA/Eco Rl was ligated to 0.5 ug of Eco Rl cut phosphatase* lambda Zapll DNA 
(Stratagene) ^wrth 0.5 ul T4DNAIigase (New England Biolabs No. 202) in 5^ of ligation buffer at 16-Coverriight 
4 ul of ligated DNA was packaged (GigaPack Gold. Stratagene). Infection and plaque lifts were performed as 
above. Approximately 1,500 phage were probed with radiolabeled approximately 1.6 kb Eco Rl fragment as 

3 . v?:^v hybnd,Zati0n P ° Sitive P ' aques were picked and three ^e plaque purified. Two phage (NEB 620 
and V109-2) were rescued as pBluescript recombinants (V117-1 and V11 7-2) by in-vivo excision according to 
the manufacturer's instructions (Stratagene). Both contained the approximately 1 .6 kb Eco Rl fragment plus 
m^!??,!, 8 !^ ^ 9monts - The 5 ' end was sequenced and corresponds to the sequence determined from 
NCII (Clal/Ndel fragment). See Figure No. 2. This Eco Rl fragment contains 3/6 of the T4 DNA polymerase 

I a ,«i y ^ < ^ > ^? a k? 3 d83cnbed by Wan 9- 8t «*-• SU P">- The 1 -6 kb Eco Rl fragment compnses nudeobdes 
1269 to 2856 of Figure No. 6. 

The sequence of the 1 .6 kb Eco Rl and Clal/Ndel fragments indicated that the 1 .9 kb Eco Rl fragment may 
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be necessary to complete the polymerase gene. Lambda Zapll phage, V110-1 through V110-7, containing the 
1 .9 kb Eco Rl fragment were identified as described above for NEB 620 using labeled probes. Two phage (V110- 
2 and V110-4) were rescued as pBluescript recombinants (V153-2 and V153-4) by in-vivo excision according 
to the manufacturers instructions (Stratagene). Both contained the approximately 1.9 kb Eco R! fragment plus 

5 different second fragments. The 1,9 kb Eco Rl fragment had sequence identity with the overtapping region in 
NC11. The 1.9 kb Eco Rl fragment comprises nucleotides 2851 to 4771 of Figure No. 6. 

The entire 7. ffioralis polymerase gene has been doned as BamHI, Xbal and Nrul fragments which were 
unstable and from which the active enzyme was not detected. The gene has also been cloned in four pieces 
(1 .3 kb Eco Rl fragment approximately 1 .6 kb Eco Rl fragment, approximately 1 .9 kb Eco Rl fragment and an 

10 Eco RI/BamHI fragment containing the stop codon). The 1 .3 kb Eco Rl fragment stably expresses the amino 
terminal portion of the polymerase. 

EXAMPLE III 

15 CLONING OF ACTIVE 7. UTORAUS PIMA POLYMERASE 

The 7 litoralis polymerase gene found on the 14 kb BamHI restriction fragment of bacteriophage NEB619 
(ATCC No. 40795), was sequenced using the method of Sanger, et al. f PNAS (1977) 74:5463-5467. 5837 bp 
of continuous DNA sequence (SEQ ID NO:1) was determined beginning from the 5' end of the 1.3 kb EcoRI 

20 fragment (position NT 1), see Figure No. 6. 

From analysis of the DNA sequence, it was determined that the polymerase gene begins at NT 291 in the 
1 .3 kb EcoRI fragment A translation termination site beginning at NT 5397 was also located. Since the apparent 
molecular weight of 7 Iftoralis polymerase was approximately 90-95 Kdai, it was predicted that the gene should 
be -2900 bp. Instead, a 51 06 bp open reading frame (ORF) was identified with a coding capacity of 1 702 amino 

25 acids (aa) or -185 Kdal. 

By $equenc^OfTK>!( an example of which is set out in Figure No. 7, it was 

discovered that the^TTiitdraHs polymerase gene was interrupted by an intron or intervening sequence in DNA 
polymerase consensus homology region III (hereinafter 1VS1") (Wang, T., et al. t FASEB Journal (1984) 3:14- 
21 the disclosure of which is herein incorporated by reference). The conserved amino acids of the consensus 

30 DNA polymerase homology region III are shown in Figure No. 7. In the Figure, the conserved amino acids are 
underlined. As can be seen in Figure No. 7, the left side of the 7 litoralis homology island III (SEQ ID NO:2) 
begins at NT 1 737, and homology to the consensus sequence is lost after the Asn and Ser residues. The right 
side of the 7. litoralis homology island III (SEQ ID NO:3) can be picked up at NT 3384, at the Asn and Ser re- 
sidues. When the two 7 litoralis polymerase amino acid sequences were positioned so that the Asn and Ser 

35 residues overlap, as in Figure No. 7, it was evident that a good match to the DNA polymerase homology region 
III existed. 

Using the homology data, it was therefore predicted that an intervening sequence existed in the 7 litoralis 
DNA separating the left and right halves of the DNA polymerase homology region III. 

In one preferred embodiment the intervening sequence was deleted by identifying unique restriction en- 
40 zyme sites in the coding region which were near the intervening sequence splice junction. A synthetic duplex 
oligonucleotide was synthesized, and used to bridge the gap between the two restriction fragments. A multi- 
part sequential ligation of the carboxy end restriction fragments, the bridging oligonucleotide, the amino end 
restriction fragment, and the expression vector, resulted in the formation of an expression vector containing an 
intact polymerase gene with the intervening sequence deleted. 
45 Specifically, the DNA fragments or sequences used to construct the expression vector of the present in- 
vention containing the 7 litoralis DNA polymerase gene with the intervening sequence deleted were as follows: 
1 . An Ndel site was created by oligonucleotide directed mutagenesis (Kunkei, et al., Methods in Enzomol- 
ogy (1987) 154:367:382) in plasmid V27-5.4 (Example II, Part B) such that the initiation codon of the poly- 
merase coding region is contained within the Ndel site. 

50 

Criainal sequence . . . TTT ATG . . . 

(nucleotides 283-293) 

55 New sequence . . . CAT ATG . . . 

Sequences from the newly created Ndel site to the Cla! site (approximately 528 base pairs) were util- 
ized in the construction of the expression vector. 
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2. An approximately 899 bp sequence between the Clal and Pvul site of NC11 (Example II. Part D) 

3. Asynthetic duplex wnicn spans the intervening sequence, connecting Pvul and Bsu36l sites derived from 
other fragments, as set out in Figure No. 12. 

In Figure No. 1 2. the first line indicates the original sequence at the 5' end of the splice junction (nu- 
cleotides 1721-1784. SEQ ID NO:1). the second line indicates the original sequence of the 3* end of the 
splice junction (nucleotides 3375-3415. SEQ ID NO:1). and the third and fourth lines indicate the sequence 
of the synthetic duplex oligonucleotide. 

4. A Bsu361 to BamHI fragment, approximately 2500 base pairs, derived from bacteriophage NEB 619 (Ex- 
ample II, Part C). 

5^A BamHI to Ndel fragment of approximately 6200 base pairs representing the vector backbone, derived 
from pET11c (Studier. Methods in Enzomology, (1990) 1 85:66-89). and which includes: 

a) The T7 phi 10 promoter and ribosome binding site for the gene 10 protein 

b) Ampicaiin resistance gene 

c) lacH gene 

*« d) Plasmid origin of replication 

e) Afour-fold repeat of the ribosomal transcription terminators (rmb). Simons, et al.. Gene (1987) 53:85- 

The above DNA fragments. 1-5. were sequentially ligated under appropriate conditions using T4 DNAIig- 
ase. The correct construct was identified by restriction analysis and named pPR969. See Figure No. 8. pPR969 
20 was used to transform £ coli strain RRI, creating a strain designated NEB 687. A sample of NEB 687 was de- 
posited with the American Type Culture Collection on December 7. 1990 and bears ATCC No 68487 

In another preferred embodiment the T. litoralis polymerase gene, with the intervening sequence deleted, 
was cloned into a derivative of the Studier T7 RNA polymerase expression vector pET11c (Studier. (1990) su- 
pra). The recombinant plasmid V1 74-1 B1 was used to transform £ coli strain BL21 (DE3)pLysS. creating strain 
25 1 75-1 B1. designated NEB671. See Figure Nos. 5 and 1 0.. . .'. ^ smtm 

. A » m Pj« of NEB671 w as deposited with the American Type Culture Collection on October 17. 1990 and 
bears ATCC No. 68447. 

A comparison between the predicted and observed molecular weights of the polymerase, even with the 
IVS1 deleted, revealed a discrepancy. The predicted molecular weight of the polymerase after removal of IVS1 
30 ,n region III is 1 32 Kb. while the observed molecular weight of either the native (see Example I) or recombinant 
^^T 6 ,V ? pdymerase « about 95 kD. The molecular weight discrepancy is due to an intron (hereinafter 
1VS2-) in homology region I. This finding is based on the following observations: The distance between hom- 
ology regions! Ill and I varies from 15-135 amino acids in members of the pol alpha family (Wang. (1989)supra). 
In T. Moral* there are 407 amino acids or -44-KD separating these regions. T. litoralis DNA polymerase is very 
similar to human pol alpha except for 360 amino acids between conserved homology regions I and III where 
no similarity exists. Finally, no consensus region I is observed. 

In addition^ as determined by SDS-PAGE.a thermostable endonuclease of approximately 42-47 KD is also 
produced by the T. litoralis DNA polymerase clones of the present invention (see Example X). This endonu- 
clease was punfied to homogeneity by standard ion exchange chromatography, and was sequenced at its am- 
no-terminal. The first 30 amino acids of the endonudease correspond to the amino acids encoded beginning 
2.1! f°l . , d °™ (SEQ ID NO:1). This corresponds to the portion of the polymerase 

which lacks homology with other known polymerases This endonuclease does not react with anti-7. litoralis 
DNA polymerase antisera. Wh8e the exact mechanism by which the endonuclease is spliced out of the poly- 
merase » unknow n. <t occurs spontaneously in both £ coli and 7f litoralis. 

EXAMPLE IV 

PURIFICATION OF RECOMBINANT T. UTORAUS DNA POLYMERASE 

f NEB6 J 1 ( ATCC No - 68447) was grown in a 100 liter fermentor in media containing 10 g/liter tryptone, 
5 g/liter yeast extract 5 g/liter NaCI and 1 00 mg/liter ampicaiin at 35»C and induced with 0.3 mM IPTG at mid- 
exponential growth phase and incubated an additional 4 hours. The cells were harvested by centrifugation and 
storoo at -7 o c 

» c^Tf.:?^ 8 " 8 W6re th3Wed and SU8 P« nded Buffer A (100 mM Nad. 25 mM KP0 4 at pH 7.0. 0.1 
mM EDTA. 0.05% Tnton X-1 00 and 10% glycerol) to a total volume of 2400 ml. The cells were lysed by passage 
through a Gaul.n h^enirer. The crude extract was clarified by centrifugation. The clarified crude extract 
volume was adjusted to 2200 mis with the above buffer and was heatadta/yc for 30 minutes. The particulate 
material was removed by centrifugation and the remaining supernatantcontained abo^3120 mg of soluble 
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protein. 

The supernatant was applied to aJJEAE-sepharose column (5 x 1 3 cm; 255 ml bed volume) linked in series 
to a phosphoceilulose column (5 x 11 cm: 216 ml bed volume). The DEAE-sepharose flow-through fraction, 
containing the bulk of the enzyme, passed immediately onto the phosphoceilulose column. Both columns were 
5 washed with 300 mis Buffer A, the two columns were disconnected, and the protein on the phosphoceilulose 
column was eluted with a 2 liter linear gradient of NaCI from 0.1 M to 1 M formed in Buffer A. 

The column fractions were assayed for DNA polymerase activity. Briefly. 1-4 ^il of fractions were incubated 
for 5-10 minutes at 75°C in 50 nl of 1X T. litoraiis DNA polymerase buffer (10 mM KCI, 20 mM Tris-HCI (ph 8.8 
at24°C). 10 mM (NH^O*. 2 mM MgSQ 4 and 0.1%Triton X-100) containing 30 nM each dNTP and *H-labeled 
w TTP. 0.2 mg/ml activated calf thymus DNA and 1 00 pg/ml acetylated BSA, although it has been found that non- 
acetyiated BSA is preferred. The mixtures were applied to Whatman 3 mm filters and the filters were subjected 
to three washes of 10% TCA followed by two washes of cold isopropanol. After drying of the Alters, bound ra- 
dioactivity representing incorporation of 3 H-TTP into the DNA was measured. The active fractions were pooled 
and the enzyme activity levels in each pool were assessed using the above assay conditions except the dNTP 
is level was raised to 200 \M each dNTP. Under these conditions one unit of enzyme activity was defined as the 
amount of enzyme that will incorporate 10 nmoles of dNTP into acid-insoluble material at 75°C in 30 minutes. 

The active fractions comprising a 300 ml volume containing 66 mg protein, were applied toahydroxylapatite 
column (2.5 x 5 cm; 25 ml bed volume) equilibrated with Buffer B (400 mM NaCI, 10 mM KP0 4 at pH 7.0, 0.1 
mM EDTA, 0.05% Triton X-100 and 10% glycerol). The protein was eluted with a 250 ml linear gradient of KP0 4 
20 from 1 0 mM to 500 mM formed in Buffer B. The active fractions, comprising a 59 ml volume containing 27 mg 
protein, was pooled and dialyzed against Buffer C (200 mM NaCI, 10 mM Tris-HCI at pH 7.5, 0.1 mM EDTA, 
0.05% Triton X-1 00 and 1 0% glycerol). 

The dialysate was applied to a heparin- sepharose column (1 .4 x 4 cm; 6 ml bed volume) and washed with 
20 ml Buffer C. A 100 ml linear gradient of NaCI from 200 mM to 700 mM formed in Buffer C was applied to the 
25 column. The active fractions, comprising a 40 ml volume containing 16 mg protein was pooled and dialyzed 
against Buffer C. *■-■„. 

The dialysate was applied to an Affihgei[Blue i chromatograp^oolumn (1 .4 x 4 cm; 6 ml bed volume), wash- 
ed with 20 ml Buffer C, and the protein was eluted with a 95 ml linear gradient from 0.2 M to 2 M NaCI formed 
in Buffer C. The active fractions, comprising a 30 ml volume containing 11 mg of protein, was dialyzed against 
30 a storage buffer containing 200 mM KCI, 10 mM Tris-HCI (pH 7.4), 1 mM DTT, 0.1 mM EDTA, 0.1% Triton X- 
100, 100 tig/ml BSA and 50% glycerol. 

The 7. litoralis DNA polymerase obtained above had a specific activity of 20.000-40,000 units/mg. 

Characterization of recombinant T. litoralis polymerase 

35 

Recombinant and native T. litoralis polymerase had the same apparent molecular weight when eiectrophor- 
esed in 5- 10% SDS-PAGE gradient gels. Recombinant 7! litoraiis polymerase maintains the heat stability of 
the native enzyme. Recombinant T. litoraiis polymerase has the same 3* — >5* exonudease activity as native 
T. litoralis polymerase, which is also sensitive to inhibition by dNTPs. 

40 

EXAMPLE V 

OVER-EXPRESSION OF THE THERMOCOCCUS UTORAUS DNA POLYMERASE GENE 

45 The T. litoralis DNA polymerase gene, with IVS1 deleted, e.g., V174-1B1 obtained in Example III, may be used 
in a number of approaches, or combinations thereof, to obtain maximum expression of the cloned I litoralis 
DNA polymerase. 

One such approach comprises separating the I litoralis DNA polymerase gene from its endogenous control 
elements and then operably linking the polymerase gene to a very tightly controlled promoter such as a T7 ex- 

50 pression vector (Rosenberg, et al„ Gene (1987) 56:125-1 35). Insertion of the strong promoter may be accom- 
plished by identifiying convenient restriction targets near both ends of the T. litoralis DNA polymerase gene and 
compatible restriction targets on the vector near the promoter, or generating restriction targets using site di- 
rected mutagenesis (Kunkel, (1 984), supra), and transferring the 7. litoraiis DNA polymerase gene into the vec- 
tor in such an orientation as to be under transcriptional and translational control of the strong promoter. 

55 T. litoraiis DNA polymerase may also be overexpressed by utilizing a strong ribosome binding site placed 

upstream of the 7. litoralis DNA polymerase gene to increase expression of the gene. See, Shine and Dalgamo, 
Proc. Natl. Acad. Scr. USA (1974) 71:1342-1346, which is hereby incorporated by reference. 

Another approach for increasing expression of the 7. litoraiis DNA polymerase gene comprises altering the 
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DNA sequence of the gene by site directed mutagenesis or resynthesis to contain initiation codons that are 
more efficiently utilized than E. coti. 

Finally. 7: litoraJis DNA polymerase may be more stable in eukaryote systems like yeast and Baculovrrus. 

The T. litaralis DNA polymerase may be produced from dones carrying the T. litoraiis DNA polymerase gene 
by propagation in a fermentor in a rich medium containing appropriate antibiotics. Cells are thereafter harvested 
by centrifugation and disrupted by sonication to produce a crude cell extract containing the T. litaralis DNA poly- 
merase activity. 

The crude extract containing the 7: litoraiis DNA polymerase activity is purified by the method described 
in Example I, or by standard product purification techniques such as affinity-chromatography. or ion-exchange 
chromatography. 

EXAMPLE VI 

PRODUCTION OF A T. UTORAUS DNA POLYMERASE 3' TO 5' EXONUCLEASE MUTANT 

T. litoraiis DNA polymerase lacking 3' to 5' exonudease activity was constructed using site-directed mu- 
tagenesis to alter the codons for asp141 and glu143 to code for alanine. Site-directed mutagenesis has been 
used to create DNA polymerase variants which are reported to have reduced exonudease activity, induding 
phi29 (Co// (1989) 59:219-228) DNA polymerase I (Science (1988) 240:199-201) and T7 DNA polymerases 
(U.S. Patent No. 4.942.130). 

Site-directed mutagenesis of the polymerase of the present invention was accomplished using a modifi- 
cation of the technique described b^ Kunkel. T.A.. PNAS (1985) 82:488-492. the disdosure of which is herein 
incorporated by reference. The V27-5.4 plasmid (see Example 2. PartB) was used to construct the site-directed 
mutants. V27-5.4 encodes the 1.3 kb EcoRI fragment in pBluescript J Sk+. E. coti strain CJ236 (Kunkel. etal.. 
Methods in Enymotogy (1987) 154:367-382). a strain that incorporates deoxyuradl in place of deoxythymidme, 
containing the V27-5.4 plasmid was superinfected with the f1 helper phage IR1 {Virology, (1982) 122:222-226) 
to produce single stranded versions of the plasmid. 

Briefly, the side-directed mutants were constructed using the following approach. First a mutant dkjonu- 
deotide primer. 35 bases in length, was synthesized using standard procedures. The digonudeoode was hy- 
bridized to the single-stranded template. After hybridization the digonudeotide was extended using T4 DNA 
polymerase. The resulting double-stranded DNA was converted to a dosed circular dsDNA by treatment with 
T4 DNA ligase. Plasmids containing the sought after mutations were identified by virtue of the creation of a 
Pvul site overlapping the changed bases, as set out below. One such plasmid was identified and named pAJG2. 

The original and revised sequences for amino acid residues are 141, 142, and 143: 

. . asp ile giu 
Original : . . GAT ATT GAA 



. . al a i 1 e al a 
Alterad: . . GCGATCGCA 



The newly created Pvul site, used to screen for the alteration, is underlined. Note that the middle codon was 
changed but that the amino acid encoded by this new codon is the same as the previous one. 

An approximately 120 bp Clal to Ncol fragment from V174-1B1 (see Example III) was replaced by the cor- 
responding fragment bearing the above substitutions from pAJG2. creating pCAS4 (see Figure No. 9). pCAS4 
thus differs from V174-1B1 by 4 base pairs, namely those described above. 

E. coti BL21 (DE3) plysS {Methods in Enzomology. (1 990) 185:60-89) was transformed with pCAS4. cre- 
ating strain NEB681. Expression of the mutant T. litoraUs polymerase was induced by addition of IPTG. 

Asampleof NEB681 has been deposited with the American Type Culture Collection on November8, 1990. 
and bears ATCC No. 68473. 

Relative exonudease activities in the native T. litoraiis DNA polymerase and the exonudease minus variant 
isolated from E. co/i NEB681 was determined using a uniformly pH] labeled E. co/i DNA substrate. Wild type 
T. litoraiis DNA polymerase was from a highly purified lot currently sold by New England Bidabs. Inc. The ex- 
onudease minus variant was partially purified through DEAE sepharose and phosphocellulose columns to re- 
move contaminants which interfered with the exonudease assays. The indicated number of units of POLYMER- 
ASE were added to a 0.1 ml reaction containing 71 litoraiis DNA polymerase buffer (20 mM Tris-Hd (pH8.8 at 
25'C). 10 mM KCI, 10 mM (NH^SO*. 5 mM MgSO*. 0.1% Triton X-1001. 0.1 mg/ml bovine serum albumin, 
and 3 ug/ml DNA substrate (specific activity 200.000 cpm/ug) and the reaction was overlaid with mineral oil to 
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prevent evaporation of the reaction. Identical reactions contained in addition 20 \M dNTP. previously shown 
to inhibit the exonudease activity of the wild type enzyme. The complete reaction mixture was incubated at 
70°C for 60 minutes, following which 0.08 ml was removed and mixed with 0.02 ml 0.5 mg/ml sonicated herring 
sperm DNA (to aid in precipitation of intact ONA) and 0.2 ml of 10% trichloroacetic acid at 4°C. After mixing, 

5 the reaction was incubated on ice for 5 minutes, and the DNA then pelleted at4°C for 5 minutes in an Eppendorf 
centrifuge. 0.25 ml of supernatant was mixed with scintillation fluid and counted. The results of the sample 
counting, corrected for background, are shown in Figure No. 11. 

As illustrated in Figure No. 1 1 , the exonudease minus variant was substantially free of exonudease activity 
in the presence or absence of dNTPs under conditions where the native polymerase dearty demonstrated ex- 

10 onudease activity. Conservatively estimating that a level of activity two-fold above background could have been 
detected, this implies that the exonudease activity is decreased at least 60-fold in this variant 

EXAMPLE VII 

15 7. UTORAUS DNA POLYMERASE HALF-LIFE DETERMINATION 

The thermostability or half-life of the 7. Ittoralis DNA polymerase purified as described above in Example 
1 was determined by the following method. Purified 7. Ittoralis DNA polymerase (25 units) was preincubated at 
100°C in the following buffer 70 mM tris-HCI (pH 8.8 at 25°C), 17 mM ammonium sulfate, 7 mM MgCI 2 . 10 mM 
20 beta-mercaptoethanol, 200nM each deoxynudeotide and 200 ng/ml DNAse-treated DNA. An initial sample was 
taken at time zero and a small aliquot equivalent to 5% of the enzyme mixture was removed at 10, 20, 40, 60, 
90, 120, 150, and 180 minutes. The polymerase activity was measured by determining incorporation of deox- 
ynudeotide into DNA as described previously. 

A sample of Taq DNA polymerase obtained from New England Biolabs was subjected to the above assay. 
25 An initial sample was taken at time zero and a small aliquot equivalent to 5% of the enzyme mixture was re- 
moved at 4, 7, and 10 minutes. As shown in the Figure No. 3, the half-life of the 7. litoralis DNA polymerase at 
100°C was 60 minutes, while the half-life of the Taq polymerase at 100°C was 4.5 minutes. 

As shown in Figure No. 3A, the half-life of 7 Ittoralis DNA polymerase at 100°C in the absence of stabilizers 
was 60 minutes, whie in the presence of the stabilizers TRITON X-100 (0.15%) or BSA (100*ig/ml) the half- 
30 life was 95 minutes. This was in stark contrast to the half-life of Taq DNA polymerases at 100°C. which in the 
presence or absence of stabilizers was 4.5 minutes. 

The thermostability or half-life of recombinant T. Ittoralis DNA polymerase purified as describe above in Ex- 
ample IV was found to have a biphasic heat inactivation curve at temperatures greater than about 90°C. These 
two phases were characterized by half-lives of about 5 minutes and 7 hours (Fig. 3B). To provide more con- 
35 sistent behavior at extreme temperatures, an additional purification step may be used to eliminate the more 
heat sensitive component of the polymerase. 

Specifically, the final enzyme preparation of Example IV was heated at 100°C for 15 minutes then cooled 
on ice for 30 minutes. Precipitated proteins were removed by centrfugation at 12,000 xg for 10 minutes at 4°C. 
Approximately 20% of the initial polymerase activity was lost in this procedure. The remaining DNA polymerase 
40 showed a monophasic heat inactivation profile, with a half-life at 95°C of about 7 hours. The resulting polymer- 
ase also showed kinetic characteristics at 75°C which were similar to the native enzyme and to the recombinant 
enzyme prepared in accordance with Example IV. 

EXAMPLE VIII 

45 

DETERMINATION OF 3'-5' PROOFREADING ACTIVITY 

1- Response of T. litoralis DNA Polymerase to the Absence or Presence of Deoxynudeotides 

so The levels of exonudease activities assodated with polymerases show very different responses to deox- 

ynudeotides. Nonproofreading 5*-3' exonudeases are stimulated tenfold or greater by concomitant polymeri- 
zation afforded by the presence of deoxynudeotides, while proofreading 3'-5' exonudeases are inhibited com- 
pletely by concomitant polymerization. Lehman, I.R. ARB (1967) 36:645. 

The 7 litoralis DNA polymerase or polymerases with well-characterized exonudease functions (T4 Poly- 

55 merase, KJenow fragment) were incubated with 1 ng HH-thumidine-labeled double-stranded DNA (1 0 6 CPM/^g) 
in polymerization buffer (70 mM tris (pH 8.8 at 24°C), 2 mM MgCI 2 , 0.1% Triton and 100 ng/ml bovine serum 
albumin). After an incubation period of three hours (experiment 1 ) or four hours (experiment 2) at either 70°C 
(thermophilic polymerases) or 37°C (mesophilic polymerases), the exonudease-hydrofyzed bases were quan- 
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tified by measuring the acid-soiuWe radioactively-labeled bases. 

As shown in Table 1 . the Taq DNA polymerase, with its 5'-3' exonudease activity, shows stimulation of ex- 
onudease activity when deoxynudeotides were present at 30 uM. However, polymerases with 3'-5' proofread- 
ing exonudease activities, such as the T4 polymerase, Wenow fragment of £ coii polymerase I, or the 7W/f orate 
DNA polymerase showed the reverse, an inhibitory response to the presence of deoxynudeotides. 

The similarity of responses to the presence or absence of deoxynudeotides of the T. litoraits DNA poly- 
merase and the weikcharactenzed Wenow fragment of the £ coli DNA polymerase is further shown in Figure 
No. 4. Twenty units of 
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either polymerase was incubated with 9 ng 3 H-thymidine-labeled doubie-stranaed DNA (10* CPM/^g) in 350 
lil polymerization buffer as described above in the presence, or absence of. 30 deoxynucieotides. At each 
time point, 50 ni was removed and the level of acid-soluble radioactiveiy-labeied bases were measured. As 
Figure No. 4 documents, the behavior of T. litoralis DNA polymerase and the Klenow fragment of E. coffDNA 
5 polymerase, which contains a weil-characterized 3'-5' proofreading exonuciease activity, are very similar. 

2. Response of T. litoralis DNA Polymerase to Increasing Deoxynucleotide Concentrations 

Exonuciease activities of polymerases are affected by the level of deoxynudeotides present during poly- 
10 merizaton, in as much as these levels affect polymerization. As deoxynucleotide levels are increased towards 
the Km (Michaeits constant) of the enzyme, the rate of polymerization is increased. For exonuciease functions 
of polymerases sensitive to the rate of polymerization, changes in exonuciease activity are parallel with increas- 
es in deoxynucleotide concentrations. The increase in polymerization rate drastically decreases proofreading 
3'-5' exonuciease activity with a concomitant increase in polymerization-dependent 5'-3' exonuciease activity. 
75 1718 exonuciease function of the T. Mortis DNA polymerase was compared to those of well-characterized 
exonuciease functions of other polymerases as the deoxynucleotide concentration was increased from 10 uM 
to 1 00 uM. The exonuciease activity was measured as described in (1 ) with an incubation period of 30 minutes. 
As summarized in Table 2, the T. litoralis DNA polymerase responded to increases in deoxynucleotide levels 
similarly to a polymerase known to possess a 3 f -5 f proofreading exonuciease (Klenow fragment of E. caff DNA 
20 Pol. I). This 
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response was in contradiction to that of a polymerase known not to possess this proofreading function, Taq 
DNA polymerase. This polymerase responded to an increase in deoxynudeotide levels with an increase in ex- 
onudease function due to its 5*-3* exonudease activity. 
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R^Ponse of T! litoralis DNA Polymerase to Alte ration from a Balanced Deoxynude otide State to an Un- 
balanced State ~ ~ ' ■ ■ 

Polymerization is dependent on equal levels of alt four deoxynudeotides present during DNA synthesis. If 
the deoxynudeotide levels are not equal, polymerases have decreased polymerization rates and are more likely 
to insert incorrect bases. Such conditions greatly increase proofreading 3*-5" exonudease activities while de- 
creasing 5 -3* exonudease activities. Lehman, I.R.. ARB (1 967) 36:645). 

The T. litoralis DNA polymerase was incubated with both balanced deoxynudeotide levels (30 uM) and two 
levels of imbalance characterized by dCTP present at 1/10 or 1/100 the level of the other three deoxynudeo- 
tides. The response of the T. litoralis DNA polymerase was then compared to that of three polymerases pos- 
sess mgeither the 3"-5' or the 5'-3' exonudease functions. All assays were performed as described in (1) except 
the dCTP concentrations listed below. As seen in Table 3 below, the T. litoralis DNA polymerase follows the 
expected behavior for a proofreading S'-S* exonudease-containing polymerase; an imbalance in deoxynudeo- 
tide pools increased the exonudease activity in a similar manner as that of the proofreading polymerases of 
T4 DNA polymerase or Klenow fragment of £ coli DNA polymerase I. In contrast to this response, the exonu- 
dease of the Taq DNA polymerase was not affected until the imbalance was heightened to the point that poly- 
merization was inhibited. 
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4. Directionality of Exonudease Activity 

A proofreading exonudease has a V-S' directionality on ONA while nonoroofreading exonuclease associ- 
ated with DNA polymerases have a S'-T directionality. To discern the direction of the exonuclease activity of 
7. litoralis ONA polymerase, the 5 1 blocked DNA of adenovirus was utilized. Since the 5' end of this DNA is 
blocked by protein, enzymic activities that are 5'-3' in directionality cannot digest this double-stranded DNA; 
however, enzymic activities that are 3'-5\ such as exonuclease III or proofreading exonudease-containing poly- 
merases, can digest adenovirus DNA. 

Twenty-five units of exonuclease III or 20 units of either T. litoralis DNA polymerase. T4 DNA polymerase 
(possessing a well characterized 3'-5' exonuclease activity), or Taq DNA polymerase (lacking such an activity) 
were incubated with 5ug adenovirus DNA for time periods up to 30 minutes duration at either 37»C <T4 poly- 
merase and exonudease III) or 70-c (Taq polymerase and 7. litoralis polymerase) in the presence of 70 mM 
tns-HCI P H 8.8 at 25'C, 2 mM MgClj and 100 ug/rnj BSA. At the end of each incubation time period, enzymic 
activity was stopped by phenol extraction of the adenovirus DNA. followed by Hpal digestion for one hour at 
37«C in 20 mM Iris. pH 7.9 at 25»C, 10 mM Magnesium acetate 50 mM potassium acetate and 1 mM DTT The 
DNAfragments were subjected to agarose gel electrophoresis and the resulting pattern of time-dependent deg- 
radation and subsequent loss of double-stranded DNA fragments were assessed. 

The y-S' exonudease activities of exonuclease III. of T. litoralis DNA polymerase and T4 DNA polymerase 
caused the disappearance of the double-strand DNAfragments originating from the 5' blocked end of the ade- 
novirus DNA, indicating vulnerability of its 3' end. In contrast, the Taq DNA polymerase with its 5*-3' polymer- 
ization-dependent exonudease activity, showed no disappearance of the DNA fragment 

EXAMPLE IX 

25 PERFORMANCE OF T. litoralis DNA POLYMERASE IN THE PCR PROCESS 

The ability of the T. litoralis DNA polymerase to perform the polymerase chain reaction (PCR) was also 
examined. In 1 00 nJ volumes containing the buffer described in Example IV. varying amounts of M1 3mp1 8 DNA 
cut by Clal digestion, generating 2 fragments of 4355 bp and 2895 bp. were incubated with 2Q0ng of calf thymus 
DNA present as carrier DNA to decrease any nonspecific adsorption effects. The forward ai^dreverse primers 
were present at 1 nM (forward primer = 5'd ( CC AG CAAG GCCG ATAGTTTGAGTT)3' and the reverse primer = 
5' d(CGCCAGGGTTTTCCCAGTCACGAC)3'). These primers flank a 1 kb DNA sequence on the 4355 bp frag- 
ment descnbed above, with the sequence representing 14% of the total M13mp18 DNA. Also present were 200 
HM each dNTP. 1 00 ug/ml BSA. 10% DMSO and 2.5 units of either 7. aquaticus DNA polymerase (in the pres- 
ence or absence of 0.5% NP40 and 0.05% Tween 20). or 7. litoralis DNA polymerase (in the presence or ab- 
sence of 0.10% Triton X-100). The initial cyde consisted of 5 min at 95»C, 5 min at 50«C (during which pory- 
merase and BSA additions were made) and 5 min at 70»C. The segments of each subsequent PCR cyde were 
the following: 1 min at 93«C. 1 min at 50»C and 5 min at 70°C. After 0. 13. 23 and 40 cydes. 20 nl amounts of 
100 mI volumes were removed and subjected to agarose gel electrophoresis with ethidium bromide present to 
*o quantitate the amplification of the 1 kb DNA sequence. 

Initial experiments with this target DNA sequence present at28n g and 2.8 ng established the ability of the 
T. litoralis DNA polymerase to catalyze the polymerase chain reactionTyields weTfcomparable or not more than 
twofold greater than the seen with T. aquaticus DNA polymerase. 

However, it was at the lower levels of target DNA sequence . ZS femtog rama. that Hiff«r»n~« in polymerase 
45 function were most apparent Under these conditions requiring maximal polymerase stability and/or efficiency 
at eiongataon ofl DNA during each cyde.the T. litoralis DNA polymeras e produced greater than fourfold mom 
amplified DNA than that of 7. aqu aticus DNA polymerase within 23 cydes. 

This ability to amplify very small amounts of DNA with fewer cydes is important for many applications of 
PCR since employing large cyde numbers for amplification is associated with the generation of undesirable 
so artifacts during the PCR process. 

EXAMPLE X 

PURIFICATION OF RECOMBINANT T. UTORAUS INTRON-ENCODED ENDONUCLEASE 

55 

£ coli NEB871 (ATCC No. 68447). grown as described in Example IV. were thawed (70 grams) and sus- 
pended in Buffer A containing 200 ug of tysozyme per ml to a final volume of 300 ml. The mixture was incubated 
at 37'C for 2 minutes and then 75»C for 30 minutes. The heated mixture was centrifuged at 22.00 x g for 30 
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minutes and the supernatant was collected for further purification of the thermostable endonudease. Since ail 
of the nucleases from £. coli were inactivated by the heat treatment the preparation at this stage could be used 
for characterization of the intron-encoded endonudease. To separate this enzyme from the recombinant T. I'h 
tomtis DNA polymerase also present in the 75°C supernatant solution, the solution was passed through a 
DEAE-sepharose cdumn (5 cm x 5 cm, 100 ml bed vdume) and washed with 200 ml of Buffer A. Essentially 
all of the DNA polymerase activity passes through the column while the endonudease activity sticks. The en- 
donudease activity was eiuted with a one liter linear gradient of NaCI from 0.1 M to 0.8 M formed in Buffer A. 
The endonudease activity eiuted at about 0.4 M NaCI. and was assayed in a buffer containing 10 mM KCI, 20 
mM Tris-HCI (pH 8.8 at 24°C). 10 mM (NH4) 4 S0 4 , 10 mM MgSO,, 0.1% Triton X-1 00 and 1 \ig of pBR322 DNA 
per 0.05 ml of reaction mixture. The reaction mixture was incubated at 75°C and the extent of DNA deavage 
was determined by agarose gel electrophorese. At lower temperatures little or no endonudease activity was 
detected: The tubes containing the peak activity were pooled, dialyzed overnight against Buffer A and then ap- 
plied to phosphocellulose column (2.5 cm x 6.5 cm, 32 ml bed volume), washed with Buffer A and the endonu- 
dease activity eiuted with a linear gradient of Nad from 0.1 M to 1 .5 M formed in Buffer A The enzyme eiuted 
at about 0.8 M NaCL Active fractions were pooled and dialyzed overnight against Buffer A and then passed 
through a HPLC Mono-S column (Pharmacia) and eiuted with a linear gradient of NaCI from 0.05 M to 1.0 M. 
The activity eiuted as a single peak and was homogeneous by SDS-PAGE: a single 42-47 kd band was detected 
by Commasie blue staining and when this band was eiuted from the gel and renatured it contained the only 
endonudease activity detected on the gel. 

The enzyme has preferred cutting sites on various DNAs. When used in vast excess and in Vent polymer- 
ase buffer (New England Biotabs, Beverly, MA), the enzyme has cutting sites on lambda DNA and 3 sites on 
pBR322. Two of the rapid sites on pBR322 have been sequenced: 

Region induding cut site at position 164: 

5' TTGGTTATGCCGGTAC TGCCGSCC7C7T 3' 
3' AACCAATACGGC CATGACGGCCGGAGAA 5' 

Region induding cut site at position 2411: 

5' TTGAGTGAGCTGATAC CGC7CGCCSCAG 2' 
3* AACTCACTCGAC TATGGCGAGCGGCGTC 5' 

When IVS2 was deleted from pPR969. the resultant piasmid, pAKK4 (Example XI) now contains a very 
sensitive fast site at the exon junction: 

Region induding the cut site at IVS2 junction: 

5' GGTTCTTTA7GCGGAC*AC /TGACGGCTTTATG 3' 
3' CCAAGAAATACGCC/TG*TGACTGCCGAAATAC 5' 

The astericks denote the boundary between the left exon and the right exon which have been brought to- 
gether by deletion of IVS2. 

Cleavage at the l-Tli I homing site occurs 100-fold more rapidly that at the "star* sites using reaction con- 
ditions of 50 mM TRJS, (pH 7.9), 10 mM MgCI 2f 100mM NaCI and 1 mM DTT at 50°C. Under these conditions, 
the enzyme cut E. coti DNA 6-10 times. "Star" deavage is enhance by NH 4 (10 mM), higher temperatures (70- 
80°C), and higher pH (8.8-10). 

Thus, the endonudease from T. litoralis resembles other intron encoded endonudeases reported in that 
there is often a four base 3* extension at the cut site and there can be degeneracy in the recognition sequence. 

The cut site in the intron minus gene is referred to as the homing site of the intron encoded endonudease. 
It is believed in the art that the intron encoded endonudease recognizes its cut site in the gene lacking the 
intron, and that the cutting of that DNA by the endonudease leads to insertion of the intron at the homing site. 

The thermostable endonudease of the present invention can be used in genetic manipulation techniques 
where such activity is desired. 
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EXAMPLE XI 

Construction <* T - fitoafe D NA Polymerase Expression Vectors with a Deleted »VS2 

Analysis of the deduced amino acid sequence of the 7: litomlis gene in comparison to other alpha class 
DMA polymerases and to the endonuclease in the 1170 bp intervening sequence suggested that this intron in- 
terrupted the alpha polymerase Region I. If the first 3 amino acids preceding the endonuclease (Tyr Ala Asp) 
were joined to the Thr at aa 1472. then a good consensus Region I would be established (where underlined 
residues indicate identity): 

Region I: t 

Left junction: ] 

Right junction: V 

Vent Pol Region [: ] 

To facilitate this construction, a Seal site was created in the PCR primers by changing the codon usage 
for Lys 1076 and Val 1077 as follows: 

Amino acids: PHE LYS VAL LEU TYR ALA AS? 

Original sequence: TTT AAG GTT CTT 

Alteraa secuence: TTT AAA GTA CTT 

Sca I site: a GTA CT 



GLY 


AS? 


THR 


AS? 


SER 


ALA 


ASP 


SER 


VAL 


SER 


HIS 


ASM 


THR 


ASP 


GLY 


ALA 


AS? 


TKR 


AS? 


GLY 



The expression plasmid pAKK4 was created in a tlitee-way ligation derived from the following components: 

1 ) An about 7959 bp fragment of pPR969 was derived by deavage with Hindlll and EcoRI. %g of pPR969 
DNA was incubated with 1 X NEBuffer 2 in a total volume of 0.1 ml with 40 units of Hindlll endonuclease 
and 40 units of EcoRI endonuclease for 1 hour at 37«C. Cleavage products were separated on a 0.7% GTG 

so grade agarose gel (FMC) run in Tris Borate EDTA buffer. The appropriate band, about 8 kbp. was isolated 
by electrocution using an Elutrap elution apparatus (Schleicher and SchueH) using the manufacturer's rec- 
ommended running conditions. Following elution. the fragment was concentrated by ethanol precipitation 
and the recovery quantified by comparison with known weight standards on agarose gel electrophoresis. 

2) An about 638 bp fragment with Seal and EcoRI termini derived from a PCR product The reaction mixture 
35 contained 1 X NEB Vent Polymerase Buffer. 0.1 mg/ml bovine serum alumen. 0.2 mM dNTPs (equknoiar. 

each nucleotide). 0.9 ug/ml pV174-1B1 plasmid DNA template, and 0.01 /WJ/ml of primer 72-150 
(5'ATAAAGTACTTTAAAGCCGAACTTTTCCTCTA3') and primer 'JACK" (5'CGGCGCATATGATACTGGA- 
CACTGATTAC3'). 0.1 ml of the reaction mix was placed into each of five tubes, and the samples heated 
to 95-C for 3-5 minutes in a Perkin-Elmer Thermocycler. 1 U of Vent DNA polymerase was added to each 

40 reaction tube, and 15 cycles were run on the thermocycler consisting of 94° C- 0.5 minutes, 50'C - 0.5 

minutes, and 72»C - 2 minutes. The samples were pooled, phenol extracted and ethanol precipitated. The 
sample was resuspended in 50 nl Tris-EDTA buffer and mixed with 40 nl of dH 2 0. 10 nl of 10X NEBuffer 
3. 60 units of Seal endonuclease and 60 units of EcoRI endonuclease. After incubation at 37"C for 1 .75 h 
the reaction products were separated on a 1 .5% agarose gel and the ca. 638 bp fragment was electrocuted. 

*5 and quantified as described above. 

3) An about 358 bp fragment with Hindlll and Seal termini derived from a PCR product The reaction mixture 
contained 1 X NEB Vent Polymerase Buffer. 0.1 mg/ml bovine serum albumin. 0.2 mM dNTPs (equinotar, 
each nucleotide). 0.9 ug/ml pV174-1B1 plasmid DNA template, and 0.02 A^o/ml of primer 698 (5'GA- 
GACTCGCGGAGAAACTTGGACT3-) and primer 73-143 (5TACAGTACTTTATGCGGACACT- 

» GACGGCTTrTATGCCAC3').0.1 ml ofmerea^n mix was placed into each (jffh^e tubes, and me samplw 
heated to 95 9 C for 3-5 minutes in a Peiton-Elmer Thermocycler. 1 U of Vent DNA polymerase was added 
to each reaction tube, and 20 cycles were run on the thermocycler consisting of 94'C - 0.5 minutes, 50°C 
- 0.5 minutes, and 72-C-1 minute. The samples were pooled, phenol extracted and ethanol precipitated. 
The sample was resuspended in 50 ul Tris-EDTA buffer and cleaved with Hindlll and Seal endonudeases. 

55 The reaction products were separated on a 1 .5% agarose gel and the 358 bp fragment was electrocuted, 
and quantified as described above. 

, ™* l ?" to " rMctto contatned approximately 1 ug/ml of the pPR969 fragment described above. 0.8 ug/ml 
of the 638 bp fragment described above. 0.4 ug/ml of the 358 bp fragment described above. 1X NEB ligation 



29 



EP 0 547 920 A2 



buffer and 100,000 units/ml T4 DNA ligase. Ligation occured at 16°C for 5 hours Correctly constructed recom- 
binants were identified by the Seal digestion pattern, and transformed into BL21(DE3) plysS to screen for in- 
ducible activity, as described above. Two such isolates, pAKK4 and pAKK15 were used in subsequent studies. 
These two isolates appear to be identical, although they were isolated from independent isolates. 

Expression from the new construct pAKK4 appears to yield 3-10-fold more active 7. litoraiis DNA polymer- 
ase than pPR969 without expression of the endonuciease from the 1170 bp intron. 

An expression vector for production of the exonuclease deficient variant of the 7 litoraiis polymerase was 
constructed by replacing a 1417 bp Clal-Sphl fragment from pAKK15 with an analogous 1417 bp fragment from 
pCBA1, the original exonudease-deficient 7 litoraiis DNA polymerase construct One such recombinant was 
named pAKM8 and was characterized further. 

EXAMPLE XII 

PURIFICATION OF A THERMOSTABLE DNA POLYMERASE FROM PYROCOCCUS SPECIES 

Pyrococcus sp. strain GB-D (ATCC No. 55239) was grown in the media described by Belkin, et al., supra, 
containing 10 g/1 of elemental sulfur in 8 one liter bottles at 94°C for two days. The cells were cooled to room 
temperature, separated from unused sulfur by decanting and collected by centrifugation and stored at -70°C. 
The yield of cells was 1 .4 g per liter. 

1 1 .5 g of cells obtained as described above, were suspended in 28 ml of buffer A (1 0 mM KP04 buffer, pH 
7.4; 0.1 mM EDTA, 1.0 mM beta-mercaptoethanol) containing 0.1 M NaCl and sonicated for 5 minutes at 4°C. 
The lysate was centrifuged at 15,000 g for 30 minutes at 4°C. The supernatant solution was passed through 
a 18 ml Affigel blue column (Biorad). The column was then washed with 50 ml of buffer A containing 0.1 M Nad. 
The column was eluted with a 30p ml Ijnear gradient from 0.1 to 2.0 M NaCl in buffer A. The DNA polymerase 
eluted as a single peak at approximately 1,3 M NaCl and represented 90% of the activity applied. The peak 
activity of DNA polymerase (25 ml) was dialyzed against 1 liter of buffer A containing 100 mM NaCl, and th$n 
applied to 15ml Phosphocellulose column, equilibrated with buffer A containing 100 mM NaCl.The column was 
washed with 50 ml of buffer A containing 100 mM NaCl, and the enzyme activity was eluted with 200 ml linear 
gradient of 0.1 to 1.0 M NaCl in buffer A. The activity eluted as a single peak at 0.6 M NaCl and represented 
70% of the activity applied. The pooled activity (42 ml) was dialyzed against 500 ml of buffer A and applied to 
a 25 ml DEAE column. The column was washed with 50 ml of buffer A containing 0.1 M NaCl, and two-thirds 
of the enzyme activity passed through the column. The active fractions were pooled (30 ml) and applied to an 
1.0 ml HPLC mono-S column (Pharmacia) and eluted with a 100 ml linear gradient in buffer A from 0.05 to 1.0 
M NaCl. The activity eluted as a single peak at 0.22 M NaCl and represented 80% of the activity applied. 

Purified Pyrococcus sp. polymerase was electrophoresed in SDS 10-20% polyacryiamide gel and stained 
with either Coomassie Blue or the colloidal stain (ISS Probtue) previously described to detect protein. A faintly 
staining protein band was seen at about 92,000 to 97,000 daltons; this molecular weight determination was 
obtained by comparison on the same gel to the migration of the following marker proteins (Bethesda Research 
Laboratories): myosin, 200,000 daltons; phosphorytase B, 97,400 daltons; BSA, 68,000 daltons; ovalbumin, 
43,000 daltons, carbonic anhydrase 29.000 daltons; b-lactoglobuiin, 18,400 daltons; lysoyzme 14,300 daltons. 

EXAMPLE XIII 

CLONING OF PYROCOCCUS SPECIES DNA POLYMERASE GENE 

Cross hybridization of a Pyrococcus genomic DNA library using radioactive probes prepared from the DNA 
polymerase gene of 7. litoraiis allowed for the identification and isolation of a DNA encoding the Pyrococcus 
DNA polymerase. This was accomplished as set forth below. 

In order to determine which restriction enzymes would be most useful in preparation of the Pyrococcus gen- 
omic library, Pyrococcus sp. DNA was cut to completion with Eco Rl, Bam HI and Hindill. This DNA was subject 
to agarose gel electrophoresis (Figure 13A) and Southern hybridization (Figure 13B) using a DNA probe pre- 
pared as follows. A reaction mixture containing 1 ng of the first EcoRI fragment of the 7. litoraiis DNA polymerase 
gene (bp 1-1274, obtainable from bacteriophage NEB#618, ATCC No. 40794) as a template in a commercial 
random priming kit (New England Biolabs, Inc.) was incubated for 1 hour at 37°C to produce a DNA probe of 
high specific activity. The probe was hybridized to Pyrococcus sp. DNA prepared above under moderately strin- 
gent conditions (Hybridization: overnight at 50°C, 4X SET, 0.1 M sodium phosphate, pH 7, 0.1% Na pyrophos- 
phate, 0.1% SDS. 1X Denhardts solution; Wash Conditions: wash 3X 20-30 min. 45°C, 0.1 X SET. 0.1M sodium 
phosphate, (pH 7), 0.1% Na pyrophosphate, 0.1% SDS. Maniatis, et al., supra). A single major band at about 
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5 Kb was detected in BamH I cut Pyrococcus ONA. EcoR I and Hind III gave multiple bands with this probe 
indicating that these enzymes cut within the Pyrococcus polymerase gene. 

Based on the results, a BamHI genomic library was constructed using the phage vector XDASH (Strata- 
gene). Partial and complete BamHI digests of Pyrococcus ONA were prepared. A mixture of the partial and com- 
pletely BamHI digested DNA was ligated into the BamHI site of XDASH. The ligation mixture was packaged 
using Gigapack Gold (Stratagene) according to manufacturer's instructions and plated on £ co/i ER1458. The 
packaged phage library contained 1 x 10* phage per mi. 

32 P-labeUed DNA probes of the 3 fragments (bp 1-1 274. 1656-2660 and 3069-3737) of the T. litoraiis ONA 
polymerase gene (obtainable from NEB*61 9. ATCC No. 40795) were prepared using a random primer kit (New 
England Biolabs. Inc.). The probes were used according to the method of Benton & Davis (Maniatis, et al. supra) 
to screen the Pyrococcus genomic library using hybridization conditions described above. About one per cent 
of the plaques were positive and ten positive plaques were picked and purified by reinfection and repiating 3 
times (unti 90-100% of the plaques were positive for each isolate). Urge amounts of phage were prepared 
from each isolate and used to infect £ cotf cultures. Specifically, plate lysates (Maniatis et al.. supra) of phage 
were prepared from each isolate and used to infect £ co/i cells. 0.1 ml of each plate lysate was mixed with £ 
coli with 0.2 ml of ceils (OD^). The bacterial cells were harvested just before lysis and suspended in 0 05 
M Nad. 0.01 M Tris (pH 8.0). 0.1 mM EDTA. 0.1 % Triton X-1 00 and 200 ug/mt lysozyme (3 volumes pervoliime 
of cells) and heated to 37°C for about 1 minute or until cell lysis occured. The lysed extracts were immediately 
heated at 75°C for 30 minutes, centrifuged and the supernatant solution assayed for heat stable DNA polymer- 
ase activity, according to the method described above. Three of the ten isolates snowed significant polymerase 
activity and the done (B9) showing the most activity was investigated further. 

The phage DNA was isolated from B9 and the insert DNA was examined by restriction enzyme digestion 
Digestion with Sal I gave the expected two arms of XDASH plus a 15 Kb insert. Digestion with BamH I gave 
the two arms of XDASH plus three insert fragments of 7. 4.8 and 3 Kb. Each of these fragments were purified 
25 by agarose gel electrophoresis, eiuted and ligated into the BamH I site of pUC19. The ligation mixture was used 
to transform £ co/i ER2207 which gives white colonies when ptasmids contain an insert and blue colonies with 
no inserts on indicator agar media (X-gal plus IPTG). No white transformants were obtained with the 7 Kb frag- 
ment Three whites and twenty-seven blue transformants were obtained with the 4.8 Kb fragment and twenty 
white and twenty-one blue transformants were obtained with the 3 Kb fragment All three 4.8 Kb white colony 
30 transformants expressed heat stable DNA polymerase activity. None of the transformants with the 3 Kb frag- 
ment expressed heat stable polymerase activity. The three dones carrying the 4.8 Kb Pyrococcus DNA frag- 
ment all had about the same specific activity for heat stable DNA polymerase and one was picked for further 
study (NEB#720). This done designated NEB#720 was deposited with the American Type Culture Collection 
onOctobeM, 1991 and bears ATCC No. 68723. A restriction endonudease map of the 4.8 Kb BamH I fragment 
containing the Pyrococcus sp. DNA polymerase gene is shown in Figure 14. A partial DNA nucleotide sequence 
coding for Pyrococcus sp. DNA polymerase (NEB720) is set forth in Figure 18, induding the start of the poly, 
merase gene at bp 363 and a portion of the intervening nudeotide sequence (bp 1839-3420). NEB#720 yielded 
1700 units of DNA polymerase activity per gram of cells and was used for the large scale preparation of this 
enzyme. 

A portion of the Pyrococcus sp. DNA polymerase done has been sequenced (Fig. 1 8, bp 1-3420). The se- 
quence of the Pyrococcus sp. DNA polymerase is very similar to the T. litoraiis DNA polymerase at both the 
DNA and protein level (similarity calculated using the GCG Bestfit Program. Smith and Waterman. Advances 
in Applied Mathmatics, 2:482 (1981)). Overall, the genes are 66% identical, with 69% identity in the mature 
DNA polymerase amino termini regions (bp 363-1838 in Pyrococcus sp. DNA polymerase) and 63% identical 
in the portion of IVS1 sequenced to date (bp 1839-3420 in Pyrococcus sp. DNA polymerase). The upstream 
regions (bp 1-362 in Pyrococcus sp. DNA polymerase. Fig. 18 and bp 1-290 in T. litoraiis DNA polymerase. 
Fig. 6) show no similarity according to the Bestfit Program. 

Similarity at the protein level is even higher. In the 1 01 9 amino add Pyrococcus sp. DNA polymerase coding 
region, the two polymerases have 83% similarity and 68% identity (Fig. 19). When broken down into the mature 
polymerase amino terminus and IVS1 . the polymerase coding exons are more similar than the intervening se- 
quence, with the mature polymerase amino termini (aa 1-492 in Pyrococcus sp. DNA polymerase) being 89% 
similar, and 78% identical, and IVS1 (aa 493-101 9 in Pyrococcus sp. DNA polymerase) being 78% similar and 
60% identical. 
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EXAMPLE XIV 

ARCHAEBACTER1A DNA POLYMERASE SIMILARITIES AT THE DNA LEVEL 

The degree of cross-hybridization between the 7: litoralis DNA polymerase gene and the DNA polymerase 
genes from 3 other thermophilic archaebacteria and from Taq DNA was assessed by Southern blot hybridi- 
zation (Maniatis, supra). Chromosomal DNA from 7. litoralis and Pyrvcoccus sp. (Strain GB-D), T. aquaticus, 
and two other Pyrococcus strains. G-1-J and G-1-H, were cieaved with either EcoRI or BamHI. 5 *ig of each 
DNA was incubated with 1x NEBuffer (EcoRI buffer for EcoRI endonuciease and BamHI buffer + 1X BSAfor 
BamHI endonuciease) in a total volume of 60 \A with 20 units of EcoRI endonuciease or 20 units of BamHI en- 
donuciease for 2 hours at 37°C. Four quadruplicate 0.75^g samples of each of the cieaved DNAs were loaded 
and runt>n a 1% agarose (SeaKem LE) gel in Tris Acetate EDTA buffer (Maniatis, supra). The gel was stained 
with Ethtdium Bromide ( 1\xg/ml) for 20 minutes at room temperature and a photograph taken with a ruler besides 
the gel. 

The DNA was transferred from the gel onto nitrocellulose paper using the method developed by Southern 
(Maniatis supra). Nitrocellulose filter paper (QA5\im) was cut to the size of the gel and soaked in 200ml of 6x 
SSC (0.9M NaCl, 0.09M Sodium Citrate) for greater than 1 hour at 37°C. Meanwhile, the gel was incubated 
for 15 minutes in 200 ml of 0.25M Hydrochloric acid at room temperature, then rinsed with distilled water. The 
gel was then incubated for 30 minutes in 200 ml 0.5M Sodium Hydroxide, 1M Sodium Chloride at room tem- 
perature, then rinsed with distilled water. The gel was then incubated for 30 minutes in 200-mls 1M Tris Ha, 
pH7.5, 3M Sodium Chloride at room temperature. Transfer of the DNA from the gel onto the nitrocellulose was 
carried out at 4°C in 18X SSC (2.7M Sodium Chloride, 0.27M Sodium Citrate), 1M Ammonium Acetate. After 
6 hours the nitrocellulose was removed and washed in 1x SSC (0.1 5M Sodium Chloride and 0.01 5M Sodium 
Citrate) for 30 seconds. The nitrocellulose fitter was air dried and then vacuum dried at 60°C for a further 2 
hours and then stored at room temperature. r 

Four gel purified fragments of I litoralis DNA polymerase tjNA, (1 .3 kb Ecb Rl fragment from bp 1-1274 
representing the 5* polymerase coding region; bp 4718-5437, representing the 3* polymerase coding region; 
bp 244S-2882, representing part of I VS1 ; and bp 3668-4242, representing part of IVS2, Figures 6 and 1 5) were 
radiolabeled using the New England Biolabs Random Primer Kit 100ng of the above template DNAs, each in 
a volume of 35.5 til, were boiled for 5 minutes in a boiling water bath and then cooled on ice for 5 minutes and 
spun down. The template DNAs were incubated with 1X labelling buffer (includes random hexanudeotkjes), 
1/10 volume dNTP mix, 25*iCi a 32 ? dCTP and 5 units DNA Polymerase l-Wenow fragment in a total volume of 
50^1 for 1 hour at 37°C. The reactions were stopped with 0.01 8M EDTA The probes were purified using an 
Eutip minicolumn (Schleicher and Schuell) following the manufacturers recommended elution conditions. The 
total number of counts were calculated for all purified probes. The 1.3 kb Eco Rl fragment probe (bp 1-1274) 
yielded 24 * 10*cpm, the 3' polymerase probe (bp 4718-5436) yielded 22 x 10*cpm, the IVS1 probe yielded 
54 x 10*cpm, and the IVS2 probe yielded 47 x 10«cpm. 

Hybridization was carried out as follows (Maniatis supra). The nitrocellulose fitter was incubated for 30 min- 
utes in 5mls pre hybridization buffer (0.75M Sodium Chloride, 0.15M Tris, 10 mM EDTA, 0.1% Sodium Pyro- 
phosphate, 0.1% Sodium Lauryi Sulphate, 0.2% Bovine Serum Albumin. 0.2% Ficoll 400, 0.2% PVP and 100 
ng/ml boied calf thymus DNA) at 50°C. Each nitrocellulose filter was then placed in separate bags with 5mls 
hybridation buffer (as above except 0.03% Bovine serum albumin, 0.03% Ficoll 400, and 0.03% PVP). Each 
section was hybridized with 22-25 x lO^pm of denatured probe overnight at 50°C. 

The nitrocellulose filters were removed from the bags and incubated 3 x 30 minutes with 0.1X SET Wash 
(15mM Nad, 3mM Tris base, 0.2 mM EDTA, 0.1% SDS, 0.1% Sodium Pyrophosphate and 0.1M Phosphate 
Buffer) at 45°C. The filters were kept moist wrapped in Saran Wrap and exposed to X-ray film for various times 
ranging from 4 hours to 3 days. 

The results are shown in Figure 16. In Figure 16, parts A through D are autoradiographs of quadruplicate 
Southern Wots. Lanes 1-5, DNA cut with EcoRI. Lanes 6-10, DNA cut with BamHI. Lanes 1 & 6, Pyrococcus 
sp. G-1-J DNA; Lanes 2 and 7. Pyrococcus G-1-H DNA; Lanes 3 & 8, T. litoralis DNA; Lanes 4 and 9, Pyrococcus 
sp. GB-D DNA, Lanes 5 & 1 0, T. aquaticus DNA. The hybridization probes are as follows: part A 5* coding region 
of T. litoraiis DNA polymerase gene, bp 1-1274; part B, 3* coding region of 7: litoraiis DNA polymerase gene, 
bp 471 8-5437; Part C. partial IVS2 probe, bp 3666-4242; Part D, partial IVS1 probe, bp 2448-2882. The upper 
and lower panels of parts C and D represent shorter and longer exposures, respectfully, of the same blots. 

None of the 4 probes hybridized to Taq DNA. Both polymerase coding region probes hybridize to specific 
bands in all Theimococcus and Pyrococcus DNAs, but not Taq DNA. Good signals were obtained with both 
probes indicating strong conservation of both the amino and carboxy terminal ends of the T. litoralis DNA Poly- 
merase coding region. The amino terminal regions of T. litoralis and Pyrococcus sp. GB-D are about 69% iden- 
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bcal (see, e.g. Figs. 6 and 1 8) and very similar at the protein level (Fig. 1 9). The IVS1 probe hybridized strongly 
to T. Ittoratos and Pyococcus sp. GB-D DNAs (about 63% identical over a 1582 bp region) and weakly to Py- 
ococcus sp. G-1-H DNA. The I VS2 probe hybridized strongly to 7: trtomlis DNA and weakly to Pyococcus sp. 
G-1-H DNA. 

EXAMPLE XV 

ARCHAEBACTERIA DNA POLYMERASE SIMILARITIES AT THE ANTIBODY LEVEL 

Pellets from 1 ml cultures of T. litoralis, and Pyrococcus strains were resuspended in 1 0Oul Urea lysis buffer 
(4M Urea, 0.12M Tris. 4% Sodium Lauryl Sulphate. 10% p-mercaptoethano4. 20% glycerol and 0.002% Bro- 
mophenol Blue) and boiled for 3 minutes. The boiled samples were sheared with 25G5/8 needle to reduce the 
viscosity of the samples. Duplicate 10nl samples of T. litoraiis, and Pyrococcus strains G-1-J and G-1-H and 
also samples of purified Tap DNA polymerase, E coff DNA polymerase and purified DNA polymerase from' Pyr- 
ococcussp. (GB-D) were loaded onto 1 0-20% SDS-PAGE gels and run in Protein Running Buffer (0.1% Sodium 
Lauryl Sulphate. 0.19M Glycine, and 0.025M Tris Base). Nitrocellulose filters <45um) were soaked in distilled 
water for 5 minutes and then soaked in Transfer buffer (0.15% ethanoiamine. 20 mM Glycine and 20% Metha- 
nd)for30 minutes. The protein on the gels were electroeluted (30 volts, overnight at 4»C) onto the nitrocellulose 
filters in Transfer buffer (Towbin, et al. PNAS (1979) 76:4350-4354). 

The nitrocellulose was removed, marked with a ball point pen and washed for 5 minutes in TBSTT (20 mM 
Tns. 1 50mM Sodium Chloride. 0.2% Tween 20. and 0.05% Triton X-1 00). The ffltere were Mocked for 30 minutes 
in TBSTT + 3% nonfat dry milk (Carnation), and washed 3x3 minutes in TBSTT. The ano-f. rrtoralis DNA poly- 
merase antisera was raised against a partially purified native DNA polymerase preparation. T. litoralis DNApoly- 
merase specific sera was prepared by affinity purification on Western blot strips of purified native enzyme (Beall 
et al.. J: Immunological Methods^ 7-233 (1983)). Affinity purified ano-T. litoralis DNA polymerase mouse 
antibody (V76-2+3) and monoclonal anti-Taq polymerase antibody (diluted 1:100 in TBSTT) were added sep- 
arately to each nitrocellulose filter for 5 hours at room temperature. The filters were washed 3x3 minutes with 
TBSTT and then reacted with a 1:7500 dilution of anti-mousse secondary antibody conjugated with alkaline 
phosphatase (Promega) in TBSTT for 1 hour at room temperature. The nitrocellulose filter was developed with 
NBT/BCIP as instructed by the manufacturers (Promega). The results using Taq monoclonal are shown in Fig- 
ure 17. Figure 17 is a Western Wot of crude lysates from T. litoraiis (V). Pyrococcus sp. G-1-J (J), and Pyro- 
coccus sp. G-1-H (H). or purified polymerases from Pyrococcus sp. GB-D (DV). T. aquaticus (T) or E. coU (E) 
reacted with affinity purified anti-r. litoralis DNA Polymerase antibody in Part A or anti-Taq DNA polymerase 
monoclonal antibody in Part B. The arrow indicates the position of the T. litoralis and Pyrococcus sp. ONA Poly- 
merase proteins. The reactivity in Part B is to background proteins and not to the DNA polymerases as seen 
in part A. 

Monoclonal antibody specific to Taq DNA polymerase does not cross-react with protein form the Pyrococ- 
cus and Thermococcus strains tested. 

However, the 90-95.000 dalton DNA polymerase proteins from T. litoralis and the 3 Pyrococcus strains re- 
acted with the affinity purified anti-r. litoraiis DNA polymerase antibody. This is not surprising, considering the 
high degree of both similarity and identity between T. litoralis and Pyrococcus sp. GB-D DNA polymerases (Fig. 

Figure 19 is a comparison of a portion of the deduced amino acid sequences of recombinant T. litoralis 
and the partial sequence of recombinant Pyrococcus sp. DNA polymerase. The Pyrococcus DNA polymerase 
deduced amino acid is listed on the upper line, and the deduced amino acid sequence of recombinant T. litoraiis 
DNA polymerase is listed on the lower line. Identities are indicated by vertical lines, simiariteies are indicated 
by 1 or 2 dots, nonconserved substitutions are indicated by blank spaces between the two sequences. 

EXAMPLE XVI 

In order to obtain recombinant thermostable DNA polymerase from a target archaebacterium. several basic 
approaches to cloning the target DNA polymerase gene can be followed. Imtially, one attempts to determine 
immunologically whether the new polymerase is a member of the Pol a or Pol I family by Western blot analysis 
of purified polymerase (although crude polymerase lysates may work with reduced sensitivity) using anti-Taq 
DNA polymerase or anti-r. litoralis ONA polymerase sera, as described in Example XV of this invention (Figure 
17). If the new polymerase reacts with anti-Taq Polymerase monoclonal, then it probably cannot be easily 
cloned using reagents generated from T. litoralis DNA Polymerase. If the new polymerase cross-reacts with 
ano-r litoralis sera, then one should be able to clone it with the following procedures. If the new polymerase 
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fate to react with either sera, then the experiment is considered inconclusive and one should go onto the next 
step, DNA cross-hybridization. 

Optimum probes and DNA hybridization conditions must be experimentally determined for each new or- 
ganism. At the same time, various restriction digests of DNA from the new organism are tested in order to find 
enzymes which yield fragments which hybridize to the T. litoraiis probe and are large enough to encode the 
new polymerase. 

Probe selection can vary with respect to size and regions of the T. litoraiis DNA Polymerase gene. Optimum 
probes can be determined by performing test Southern blots as described below with large or small DNA frag- 
ments, or even oligomers. One could select probes that are totally from within the IVS sequences to look for 
the presence of IVSs in new archaebactehum DNA polymerase genes, or probes could be limited to mature 
polymerase coding regions. Using the entire 7. litoraiis DNA Polymerase gene region as the probe has several 
advantages and disadvantages. The major disadvantage is that the larger the probe, the more likely to yield 
spurious hybridization at very low stringency. Among the advantages of using larger probes are (1) they are 
more likely to cross-hybridize to another polymerase which may have diverged greatly from the T. litoraiis DNA 
Polymerase gene in one small portion of the polymerase, and (2) they are more likely to detect internal restric- 
tion sites in the new polymerase gene since the probe spans the amino- and carboxy-termimi of the 7". litoraiis 
DNA Polymerase gene. It is important at the initial stages of probing to use several restriction enzymes to cleave 
the DNA from the new archaebactehum to find one or more enzymes which yield preferably one, or possibly 2 
bands, which hybridize to the 7: ttora/*s DNA Polymerase probe and which are large enough to encode the 
new polymerase. The minimum coding sequence required for the new polymerase can be estimated from the 
size of the new polymerase determined by Western blots (assuming a factor for IVSs, if desired) or, by guessing 
at greater than 4 KB as a first approximation. Maximum fragment size is limited by the cloning capacity of the 
desired vector. 

Optimum hybridization conditions are experimentally determined by performing test Southern blots at va- 
rious wash temperatures. Hybridization is carried out at 50°C in 4X SET, 0.1 M sodium phosphate, pH 7, 0.1% 
Na pyrophosphate, 0.1% SDS, 1X Denhardts solution, although any low stringency hybridization condition 
would also be suitable (Maniatis). Wash conditions are varied from 37-55°C, 3 x 30 minutes with 0.1X SET 
wash (15mM NaCI, 3mM Tris base, 0.2mM EDTA, 0.1% SDS, 0.1% Sodium Pyrophosphate and 0.1M Phos- 
phate Buffer), although any standard low stringency wash conditions can also be used. The point of this part 
of the experiment is to hybridize the probe and wash the Southern Wot at low stringency to insure some level 
of cross-hybridization which may even include non-specific cross-hybridization. Next one increases the wash 
stringency, for example, increasing the wash temperature in 3-5°C increments and then monitoring the disap- 
pearance of hybridized probe as determined by a decrease in signal upon autoradiography. Initially, one ex- 
pects to see many bands hybridizing to the probe at low stringency. As the wash stringency increases, weakly 
hybridizing sequences melt off and disappear from the autoradiograph. As wash stringency is increased, con- 
ditions are established at which only one or a few bands still hybridize to the probe. These are the conditions 
to be used in future experiments. As stringency increases beyond this point, all hybridization signal is lost The 
goal is to determine the most stringent condition where one or a few bands per digest still hybridize to the probe 
before all hybridization signal is lost. 

If initial probing with a large T. litoraiis DNA polymerase gene fragment fails to give a clear pattern using 
any hybridization conditions, then smaller probes can be tested until a good partnership of probe size and hy- 
bridization conditions are established. Alternatively, Example XIV of the present invention shows that several 
fragments spanning different regions of the 7: litoraiis DNA polymerase gene (amino terminus, IVS1 , IVS2 and 
carboxy terminus. Figures 1 5 and 1 6)) can be used in separate Southern Wots, but tested in parallel at the same 
time. 

Libraries are constructed with the optimum restriction digests and hybridized with the optimized probe. A 
parallel approach is to done in expression vectors and directly screen with anti-7: litoraiis sera. Either primary 
approach may yield active or inactive product If no active polymerase is detected, the done is checked for 
insert size and reactivity to anti-7: litoraiis sera. If there is no reactivity to anti-7. litoraiis sera, then the poly- 
merase may not be expressed from its own control sequences in £ coli and the plasmid insert must be se- 
quenced to operably link the new polymerase to an £ coli promoter and perhaps translation signals. 

In the present invention, we have identified introns or intervening sequences in Pol a conserved region 
motifs in both 7. litoraiis and Pyrococcus sp. DNA polymerase genes. We therefore predict that other Archae 
DNA polymerase genes may have introns in conserved motifs also. If the new polymerase done is inactive, it 
should be checked for the presence of intervening sequences. These introns can be identified in 2 ways. If these 
introns are related to introns found in T. litoraiis and Pyrococcus sp. DNA polymerase genes, they can be iden- 
tified by low stringency hybridization to DNA probes derived from intron sequences of T. litoraiis and Pyrococcus 
sp. DNA polymerase genes. If IVSs are found, the clone is sequenced to develop strategies for removal of the 
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IVS. If the cione is inactive and no cross-hybridizing IVSs are found, then the piasmid is sequenced to took for 
new IVSs. The archaebacterium DNA polymerase gene can be sequenced at the DNA level and the sequenced 
compared to (1) other DNA polymerases to identify non-similar segments (2) conserved motifs to look for the 
absence of Regions l-Vl, followed by identification of interruption points in Regions which are absent Once 
identified, introns can be removed in vitro by any number of techniques known in the art some of which are 
described in this application with respect to to removal of IVS1 and IVS2 from the T. litoraiis DNA polymerase 
gene. 

If the primary library screening fails to produce a done synthesizing active thermostable DNA polymerase, 
but does result in a partial gene done as determined by (1) cross-hybridization at the DNA level, (2) cross- 
reactivity at the antibody level, and (3) similarity to other DNA polymerases at the DNA sequence or deduced 
amino add sequence levels, then more genomic Southern blots are probed with the initial done to identify re- 
striction enzymes to be selected for making the next library. The second library should contain larger fragments 
which are more likely to encode the entire polymerase gene. The library is screened with either antibody or 
preferably, the initial new polymerase doned sequence. The resultant positives are checked for thermostable 
DNA polymerase activity. If no active thermostable DNA polymerase is detected in this second round, then in- 
tervening sequences can be screened for by cross-hybridization and DNAsequendng. DNA sequencing can 
also indicate whether the doned gene is complete by establishing the presence of all the conserved polymerase 
motifs and a stop codon in the polymerase open reading frame. Several rounds of screening and rescreening 
may be necessary before finally doning an active thermostable DNA polymerase. 

It should also be noted that the above screening and rescreening procedure may not be sufRdent for doning 
the new thermostable polymerase gene because of toxic elements present in the gene. In this case, cross- 
reactivity at the DNA or protein level is an excellent method of doning because only partial, inactive products 
can initially be doned which will allow subsequent doning of the complete gene. If obtaining the complete gene 
is not straightforward using the strategy outlined above, one should look for the presence of intervening se- 
quences like IVS2 which are very toxic when cloned. This is accomplished by either looking for deletions and 
rearrangements in polymerase dones or by probing for known toxic T. litoraiis IVS sequences. Duplicate South- 
em blots are probed with polymerase coding regions and IVS sequences to locate toxic IVSs in proximity to 
the polymerase coding region. If rearrangements or toxic IVSs are found, then the appropriate strategy would 
be to first operaWy link the amino terminal of the polymerase to a very tightly controlled expression system as 
described in this present application. Once accomplished, the remainder of the polymerase gene can be doned 
and ligated to the amino terminus, redudng expression of toxic elements such as the 7: litoraiis IVS2 sequence. 
Alternatively, cross-hybridizing sub-fragments of the polymerase gene can be isolated, checked for IVSs by 
hybridization or DNA sequencing, IVSs can be removed in vitro from these regions by methods known in the 
art The complete polymerase gene can then be constructed by ligation of sub-fragments from which toxic ele- 
ments have been removed. 



Claims 

1. \ Recombinant thermostable DNA polymerase from archaebacteria which is encoded by a DNA sequence 
s which hybridizes to a nucleotide sequence selected from the group consisting of the nudeotide sequence 

of Figure 6 or a portion thereof, nudeotides 1 to 1274 of Figure 6. nudeotides 1269 to 2856 of Figures 6 

and nudeotides 2851 to 4771 of Figure 6. 

(2. ; The recombinant thermostable polymerase of daim 1 , wherein the portion of the nudeotide sequence of 
Figure 6 is at least about 20 nucleotides in length. 

The recombinant thermostable polymerase of claim 1 , wherein the portion of the nudeotide sequence of 
Figure 6 is at least about 50 nudeotides in length. 

4. The recombinant thermostable polymerase of daim 1 , wherein the portion of the nudeotide sequence of 
Figure 6 is at least about 150 nudeotides in length. 

5. Recombinant thermostable DNA polymerase from archaebacteria which hybridizes to an antibody probe 
which has antigenic specificity to T. litoraiis DNA polymerase. 

6. Isolated DNA which codes for the recombinant thermostable DNA polymerase of daim 1 . 

7. A doning vector comprising the isolated DNA of daim 6. 
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8. A host ceil transformed by the vector of daim 7. 

9. A method for producing a recombinant thermostable DNA polmerase from archaebacteha comprising cui- 
turing a host ceil transformed with the vector of claim 7 under conditions suitable for the expression of the 
DNA polymerase. 



10. ) A DNA probe which hybridizes to the DNA sequence coding for the archaebacteha thermostable DNA poly- 
J merase of claim 1 , wherein the DNA probe is selected from the group consisting of the nucleotide sequence 

of Figure 6 or a portion thereof, nucleotides 1 to 1274 of Figure 6, nucleotides 1269 to 2856 of Figure 6 
and nucleotides 2851 to 4771 . 

11. The DNA probe of claim 10, wherein the portion of the nucleotide sequence of Figure 6 is at least about 
20 nucleotides in length. 

12. The DNA probe of claim 10, wherein the portion of the nucleotide sequence of Figure 6 is at least about 
50 nucleotides in length. 

13. The DNA probe of claim 10, wherein the portion of the nucleotide sequence of Figure 6 is at least about 
150 nucleotides in length. 

14. A method for isolating DNA coding for thermostable DNA polymerase from archaebacterium comprising 
the steps of: 

(a) forming a genomic library from the archaebacterium; 

(b) transforming or transfecting an appropriate host cell with the library of step (a); 

(c) contacting DNA from the transformed or transfected host cell with a DNA probe selected from the 
group consisting of the nucleotide sequence of Figure 6 or a portion thereof, nucleotides 1 to 1274 of 
Figure 6, nucleotides 1269 to 2856 of Figure 6 and nucleotides 2851 to 4771; 

(d) assaying the transformed or transfected cell of step (c) which hybridizes to the DNA probe for DNA 
polymerase activity; and 

(e) isolating a DNA fragment which codes for the thermostable DNA polymerase. 

15. A method for isolating DNA coding for thermostable DNA polymerase from archaebacterium comprising 
the steps of: 

(a) forming a genomic library from the archaebacterium; 

(b) transforming or transfecting an appropriate host ceil with the library of step (a); 

(c) contacting extract from the transformed or transfected host cell with an antibody probe which has 
specific affinity for T. litoralis DNA polymerase; 

(d) assaying the transformed or transfected cell of step (c) which is cross-reactive to the antibody probe 
for DNA polymerase activity; and 

(e) isolating a DNA fragment which codes for the thermostable DNA polymerase. 

16. A method for increasing the expression of a thermostable DNA polymerase from archaebacteria compris- 
ing the steps of: 

(a) identifying and locating any intervening nucleotide sequence in the isolated DNA of claim 14 or 15; 
and 

(b) removing the intervening nucleotide sequence from the isolated DNA. 

17. The method of claim 16. wherein the archaebacteria comprises 7. Utoralis. 

18. The method of daim 1 7, wherein the intervening nucleotide sequence is selected from the group of 1VS1 , 
IVS2 or IVS1 and IVS2. 

19. The method of claim 1 6, wherein the intervening nucleotide sequence is identified and located with a DNA 
probe coding for an intron from the DNA sequence encoding T. litoralis DNA polymerase. 

20. The method of claim 19, wherein the DNA probe is selected from the group consisting of a 1614 bp nu- 
cleotide sequence of Figure 6 comprising nucleotides 1776 to 3389 or a portion therof and an 1170 bp 
nucleotide sequence of Figure 6 comprising nucleotides 3544 to 4703 or a portion thereof. 

21. A thermostable endonuclease obtainable from 7. litoralis which cleaves double-stranded deoxynudeotsde 
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add pBR322 at position 164 and 2411 . 
22. The endonudease of daim 21 , having a molecular weight of about 33,000-37.000. 
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Fig. 1A. SDS-Polyacrylamide Gel of Purified 
T. Htoralis DNA Polymerase 



1 2 




Lane 1 : Molecular weight markers 

Lane 2: Purified T. litaraiis DNA Polymerase 
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O THERMOCOCCUS litoratis 




MINUTES AT IOO°C 



THERMAL STABILITIES OF ON A POLYMERASES 
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ONA POLYMERASES:^) KLENOW FRAGMENT OF E.coii 

(A) T. literal is 
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HOURS AT 37 °C 

RESPONSE OF ONA POLYMERASES TO THE PRESENCE OR 
ABSENSE OF 0EOXYNUCLEOT1OES 
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GMXKSCGA TMUttTCBVT UlLUUaV! OOTITiaA CTICAAftAAC 

ocxrrims mgmmcic lamuvr ktcmgchca gtmmctgc amc^cs 

TOMGGGnA TTCIGIMAA CMCraiG WmasVIT TCGMGGGQG TXXMMKIX 

tcgosg^ct rmrrn^AT TPGAwrrocA GixiXDacr QTit^Trr'A^icrGG 

^^^Tt^Om GATCGCAAGC CDV^ATCCG AATTTTISM J^Sc^aC 
GGGAGTTiaA AASAGAACTT CSCOCIOVTr TIOGCCCIA ^TMATCCr cncic.^ 
AI , C3CTCC3C 'SMTSAGGAG AIAAAGGSA TAAAGGGCSA G^CTCATGGA 
GSGTGCICSA TGCAGTGAAA GTCVGG7AAA AAimTGSG AAGGGMGTT GASGTCTGSA" 

AflCTCArrrr omccxracc c^Gcnrc ogctmgog gggoaaata mggt^cmc 
ogctctcgt raarmc gaa^i^ca tmctcc craccrmr ciarara 

AGGGCITGAT TCCTGG7-G GSAGACGMG AGCTIMGCr CCnVJOTlT GHMTOWA 

OTrrrarav TGacoGMxr GaarrrGcaA rgggcgmvt aatratcmt agt^ccs 

ATGaMAAGA GGC3GAGTA AIOCATOGA AAAAIATCGA TITCCCGT3\T GTCCAT^TS 
?CTO=»TCV AAGAGAAATG AE^AAGCCTT TTCTICAAGT TGTTPAAGAA WWGRGCCCS 
ATGTCATAAT AfiCITACAAT GGGXMATT TTGnXTIGCC GTMCICra AAACC-C-GCM 
AAARGCT3GG AGTTOSGCrr CTCTTJVGGSA AOICCCGAA Gm\=VTK: 

agagcvtogg TCAXAciTrr gctotgsua tctagggiag jatccacttt g^tcttt 
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CaCTTGlSCS Mmaan AAOCTCOOU CSHOTCGCT TTaGGCAGTT "CM^govg 
AACCAAAAGC AAATCVGGAG CXGAGGAAAT 7GCCGCI3VI7V TOGC^CVG 

MfflMGaff GM ««^ goc^ct oato^ tgciagggca ac^tc^c 

TCGS3AAGGA M1L11UXU ATGGJXAGCTS AGCT3GOVAA GCIOTVGGT CAAAGTGT7VT 
GGGWSICIC CSGATCAAGC ACCGGOACC TOGTCSAGtc GmCTI^ AGGGTGGC7VI 
MSCGAGGAA TCAACITGCA CCGAACAAAC CIGA^GGA AGAGTAXMU CGGCGCTT7«A 1440 
GAACAACTIA CCTGGO^ T^I^ag A«™*A AGGTTTGTGG 1500 

TrmrrrGGA titccgcact cranvcxxTr c^tast tactcacaac gbuckcm 

AXACOCITGA AAAAGAGGGC TCTAAGAATT ACSATGTTGC TCCSVE^IA GG7VT7 v ~iGGT 
TCT3CAAGG ^ CTTK«GGC TTTATTCCCT CaSSCKSG GGACTT7JCCT GOWnMSC 
AAGMKTRAA OUUSAAAATC AAATC^CAA ITOCCSSM CGAAAAGAAA ATCC^ST.TT 
MMGCMXAG GOCMraMV TIGCriCCr* AOGcg^r ACCCAACGAG TCGT^CCAA 
TAAXTCA*AA TCGAGAAAEV AAATICGIGA AAATTGgSa GTTTTklRAAC 
AAAAACAGAA GGAAAAOGTT AAAACAGTM AGAA^CTGA ACTTCTOGAA GTAAACT-JNCC 

rrrrrscAxr caaxiuuc aaaaaaatca wgaaagtca agto\aaaaa gtcaaagccc 

TCAIAAGACA TAAGTATAAA GGGAAAGCTT ATGAGAXTC\ GCTmGCTCT GGTAGVAAAA 
TIMQiaAC TGCTGGCCAT AGTCTGTTTA CAGT3«GAAA TGGAGAAATTw AAGSAAGTIT 2100 
CTGGJVIATGG GAXAAAAGAA GGTG?.CCTTA TTGT^GCACC AAAGAAAATT AAACTCT^TG 2160 
AAAAAGGGGT AAGCSIAAAC KTTOiXiAGT TAATCTCAGA H TlTUCSaG CSttG\?w\CVG 2220 
CCSAOTTGT GaTCACCAXT TCAGCCAAGG GCAGAAAG7A cncm3U\A GSAA.TSCTGA 
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<=»CTrTMG GIGGAXGTIT GGAGAAGAAA AXAGAAGGAT AAGMVCMTT AATCGCI3OT 

rorroarcr ogaaaaacia cotitaica AAcrAcrGoc ccgoggaiat gaagtocig 

ACTGGGAGAG ATOAAGAAA "nvniAACAAC Tr&OGAGAA GCTTOCTGGA AGOGTTAAGT 
ACAACGGAAA CAAGACAGAG TOrriACTAA TOTTCAACGA caTCAAGGAT TTSKTracrT 

actioccaca aaaagagcic gaagaatgga aaatiggaac tciovatogc titagaacga 

ATTSIMTCT CAAAGTOCAT CaGGATITIG GGAAGCTOCT AGGn*Cl*T GTIAG7GAGG 
GCIMGCAGG TGCACAAAAA AAT3\AAACTG GTGGT?vTCAG TTMTCGGTC AAGCI^TOV 
ATCAGGACCC "n^ATGTTCTr GAGAGGIGA AAAAIGTIGC AGAAAAATTC TTTGGCAAGG 

TiAGAcrrGA cagaaattgc craAcraixr caaagaagat GGaviwrn* gttatgaaat 
GCCicrcrrcG sgcatogo: gaaaacaaga gaatpccitc tctimacix: accictcccg 

MCC3GTACG GIGGTCATIT TEAGAGGCGT ArTTOOK aSOGGAGM: jaaCCTOT 
a^AAAAGSTT TAGGCTCICA ACAAAAAGCG AGCICTGC AAATCAGCrr GTGTrmGC 

TGAAcrcrrr gggaatatct tcigtaaaga t^ggcttiga cctqgggic -^ttcagtgt 

ATATAAAIGA AGAOCTGCAA TTTCCACAAA OGTCTMGGA GAAAAACACA TSCT?^IA 3120 

ACTEAAITOC CAAAGAGATC CTZAGGGACG TGTTIGGAAA AGAGTICCAA AAGAT>CATGA 3180 

CGTICAAGAA ATITAAAGAG CITGTIGACT CICGAAAACT TOACAGGGAG AAAfiCXAAGC 3240 
TCXTGGAGTT CTTCATIAAT GGAGATATTG TCX7XTGACAG AGTCAAAAGT GTTAAAGAAA 
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AGGACTATGA AGGGTATCTC TATCACCZAA GCGTIGAGGA TAACGAGAAC TTItTZToTTG 3360 
GITrrGGITT GCTCTATGCT CACAAC^r ATEACGGCTA TATGGGGTAT CCIT^GGCAA 3420 
GAIGGTACTC GAAGGAATGT GCTGAAAGCG TTAOCGCATC GGGGAGACAC T7jCA~GAGA 3480 
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^uxasaag cmmcito ™^ rcrrrarca; GAcfctrrcr 35,0 

QaSQMG AZaAGGOVAA AOGGAAAGAT TAGATTTGTC AAAaSat^ 3 600 

MCrmCTC TAAGGTCGAC TACAGCA3TG GOGAAAAAGA ATACIGCAJT CTCGAAGGTG 
CTTSAAGCACr AACTCIGGAC GATGACGGAA AGCXTGTCTO GAAGCCCGTC CCCI3VCGTCA 
TOaGGCACAG AGOGAAIAAA AGAAXGTrOC GCATCIGGCT GACCAACAGC TOODttTffiVG 
ATGTTACTGA GGATCATIXTT CTCATPiGGCT ATCTAAACAC GTCAAAAACG /AAAC^V 
AAAAAAICGG GGAAAGACd AAGGAAGTAA AGGCTTITGA ACTAGQCAAA GCAGTAAAAT 

cocrcA-nra cccaaatcca ccsttaaagg AIGAGAAI*C CAAAACIAGC GAAAITsGC^ 
TAAAAXTCTC GGAGCXCGTA GGATTGATTG TOGGAGATOG AAACTOGGGT GGACAT™ 
CTTOGGCAGA GXATEATCTT GGACTITCAA CAGGCAAAGA TGCAGAAGAG ATAAAGCWV 
AACTXCTGGA ACCOCTAAAA AdTATGGAG TAATCICAAA CTAraOO^ AAAAACZAGA 
AAGGGGACTT CAACATCTTG GCAAAGAGCC TTGTAAAGTT TATCAAAAGG CCrr^-^ 
AOGAAAAAGG AAGAOGAAAA ATTCCAGAGT TCATGTATCA GCnx^JlT ACTTSCVas 
AGGCATITCr AOGAGGACTG TTTTCAGCrG AXGGTACTGT AACTATCAGG AAGGGACT-TC 
CAGAGATCAG GCIAACAAAC ATTGATGCTG ACTTTCTAAG GGAAGIAAGG XVX— TOT 
GGArrGTTGG AATCTTAAAT TCAAZATTTG CTGAGACTAC 7CCAAATC3C ZZBAZCZTG 
TTTCSCTGG AAOCTACTCA AACGWCTAA GGATCAAAAA ZAAGTGGCGT TTTGCTC^iAA 
GGATAGGCTT TTTAAICGAG AGAAAGCAGA AGAGACTTTT AGAACVTTTA AAATCT>GCCA 
GGGTAAAAAG GAAIAOCATA GATTTTGGCT 1 lUAllTl Ur GCATGTGAAA AAAGTCGAAG 4620 
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aMCKSI ccro^u^^ci^ Gcrrmrcc aawoccc coosMAaac 
crcaAciax mmo^ tu^aacia amu^cicc jwcnxsc 

(nxrrocrrav Gcntacrxr GMGccnrr scntacMcs m tutiu i t aommmc 

QCniTOraGr CttftGATGAA CTiGGQOGGA TMQAQflG GG5CITGGAA <jI3GI?.AGGA 

Grange raoiMcr aaggag*— aggcaaagst ttevgaggct jncraw' 

AGGGAAGTGT TGAAAAAGCT GTAGAAGITC TTAGAGAIGT TCXAGAGAAA RBSCCWAT 
ACAGGCTITX: ACITCAAAAG CnCTITVTOC ATGAGCAGAT TAa3*GGGAT TTAAAGGACT 
ACAAAGOCAT TGGCCCTCAT GTCGCGAIAG CUUAAGACT TXKCGCAAGA GGGATAAAAG 
TGAAACCGGG CACUU*AI* AGCTAIATC3 TTCICAAAGG GAGCGGAAAG ATAAGCSATA 
GGSTAAXITr ACITACAGAA TACSATOCTA GAAAACSCAA GTBVOGAIOCX; GACTACTACA 
CTGAAAAOCA AGTTITCCC3 G^VCTACTV GGATACTCGA AGC3TTTGGA TACAGAAAG3 

TCTGirscrr TrracrocAA gtttctoc gagix^ctct recrcici-rr tctat^c s<6o 

TATCICGTTT TCATICACrA T^AGTACTC CGCXAAAGCC A3AACGCITC CAATTCCAAA 5520 

crrGAGCicr ttocagtcx: tggocicvaa ttcacxtat ui - m - iu avr enc:^; ssao 
occicrrciG cn^AGcrrcr csaatctt-: tcttggcsaa gagttocag ciatgatgat s<hq 
TAicrcrrcc tctggaaacs caivjitiaaa cgtcigaait tcatczagag socrcAcrcc 5700 

GT0COTATA ACTGCCTTGT ACTTCITEAG TSCTTCnTr A CL.1T1U 3SA TOSTSUaTT 5760 
TGOCAOGGCA TTCTCCCCAA GCTCCTSCCT AAGCTGAATG CTCACACTST TCATACCTTC 5820 
GGGAGTTCTT GGGATCC 5837 
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Pyrococcus sp. DNA Polymerase Gene Reg 
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GGATCCCTC7C77777GG7AACCCCA7ACG7CA77CCCTCAACCAAAAC7 

TCAGCATCGTTGCAG7GG7CAG7G7G7C7G7GGGAGA7GAAGAGGACGTC 

G ATTTTTCT GGGGTCT ATCTTGT ATCTC C AC A7TCT AACT AACG CTC C AG 

GCCCAGGATCAACG7AGA7G7T777GC7CGCC7TAATGAAGAAGCCACCA 

GTGGCTCTTGCCTGCGTTATCG7GACGAACCTTCCACCACCGCCACCGAG 

AAAAG7TA7C7C7A7CA7C7CACACC7CCCCCA7AACA7CACC7GC7CAA 

7TT7TAAGCG7TC77AAAGGC77AAA7ACG7GAA777AGCG7AAA77A7T 

GAGGGA7TAAG7A7GA7AC7TGACGC7GACTACA7CACCGAGGATGGGAA 

GC C GA77 A7 AAGG A7777C AAG AAAG AAAACG GC G AG777 AAGG77G AG 7 

ACGACAGAAAC777AGACC77ACA777ACGC7C7CC7CAAAGA7GAC7CG 

C AG A77G A7 G AGG77 AGG AAG A7 AAC C GC C G AG AGGC A7GGG AAG A7 AG7 

GAGAA7TATAGA7GCCGAAAAGG7AAGGAAGAAG77CC7GGGGAGGCCGA 

7TGAGGTATGGAGGCTG7AC777GAACACCC7CAGGACG77CCCGCAA7A 

AGGGATAAGA7AAGAGAGCA77CCGCAG77A77GACA7C777GAG7ACGA 

CA7TCCG77CGCGAAGAGG7ACC7A_a.7AGACAAAGGCC7AA77CCAJi.7GG 

AAGGCGA7GAAGAGC7CAAG77GC7CGCA777GACA7AGAAACCC7C7A7 

CACGAA.GGGGAGGAG77CGCGAAGGGGCCCA77A7AA7GA7AAGC7A7GC 

7GA7GAGGAAGAAGCCAAAG7CA7AACG7GGAAAAAGA7CGA7C7CCCG7 

ACG7CGAGG7AG777CCAGCGAGAGGGAGA7GA7AAAGCGG77CC7CAAG 

G7GA7AAGGGAGAAAGA7CCCGA7G77A7AA77ACC7ACAACGGCGA77C 

T77CGA.CC77CCC7A7C7AGT7AAGAGGGCCGAAAAGC7CGGGA7AAAGC 

7ACCCC7GGGAAGGGACGG7AG7GAGCCAAAGA7GCAGAGGC77GGGGA7 

A7GACAGCGG7GGAGA7AAAGGGAAGGA7ACAC777GACC7C7ACCACG7 

GAT7AGGAGA-ACGA7AAACC7CCCAACA7ACA.ee C7CGAGGCAG777A7G 

AGGCAA7C77CGGAAAGCCAAAGGAGAAAG777ACGC7CACGAGA7AGC7 ' 

GAGGC07GGGAGAC7GGAAAGGGAC7GGA.GAGAG77GC.AAAG7A77CAA7 

GGAGGA7GC.AAAGG7AACG7ACGAGC7CGG7AGGGAG77C77CCCAA7GG 

AGGCCCAGC7T7CAAGG77AG7CGGCCAGCCCC7G7GGGA7G77TC7AGG 

7C77CAAC7GGCAAC77GG7GGAG7GG7ACC7CC7CAGGAAGGCC7ACGA 

GAGGAA7GAAT7C-GC7CCAAACAAGCCGGA7GAGAGGGAG7ACGAGAGAA 

GGC7AAGGGA.GAGC7 ACGC7GGGGGA7ACG77AAGGAGCCGGA.G AA_-.GG^ 

CTC7GGGAGGGG77AG777CCC7AGA777CAGGAGCC7G7ACCCC7CGA7 

AATAA7CACCCA.7AACG7C7CACCGGA7ACGC7GAACAGGGAAGGG7G7A 

GGGAA.7ACGA7G7CGCCCCAGAGG77GGGCAC.AA.G77C7GCAAGGAC77C 

CCGGGG777A7CCCCAGCC7GC7C>AGAGG~7A77GGA7GAAAGC-CA--.C-A 

AA7 AAAAAG G AAG A7 G AAAG C 77 C7 AAAG AC C C AA7 C G AG AAG AAG A7 G C 

TTGA7TACAGGCAACGGGCAATCAAAATCC7GGCAAACAGCATTT7ACCG 

G AAG AA7GG G77 C C AC7 AA77 AAAAACG G7 AAAG77 AAG A7 A77 C C GCA.7 

7GGGG AC77CG77GA7GGAC77A7GA.AGGCG.AA.CC AAGG AAAAG7G AAG A. 

AAACGGGGGA7ACAGAAG777TAGAAG7TGCAGGAA77CA7GCG7777CC 

7TTGACAGGAAG7CCAAGAAGGCCCG7G7.AA7GGCAG7GAAAGCCG7GA7 

AAGACACCG77A77CCGGAAA7G777A7AGAA7AG7C77AAAC7C7GG7A 

GAAAAATAACAATAACAGAAGGGCATAGCCTA77TGTC7ATAGGAACGGG 

GATCTCG77GAGGCAAC7GGGGAGGA7G7CAAAA77GGGGATCT7C77GC 

AG77CCAAGA7CAG7AAACC7ACCAGAGAAAAGGGAACGC77GAA7A77G 

7TGAACT7C77C7GAA7C7C7CACCGGAAGAGACAGAAGA7A7AA7AC77 

ACGA77CCAG77AAAGGCAGAAAGAAC77C77CAAGGGAA7G77GAGAAC 

ATTACG77GGA77777GG7GAGGAAAAGAGAG7AAGGACAGCGAGCCGC7 

ATCTAAGACACC77GAAAA7C7CGGA7ACA7AAGG77GAGGAAAA77GGA 

TACGACA7CA77GA7AAGGAGGGGC77GAGAAA7A7AGAACG77G7ACGA 

GAAAC77G77GA7G77G7CCGC7A7AA7GGCAACAAGAGAGAG7A777AG 
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G 5 A ? AAAA 5 AAAAGGOTCCTGAGG TAATCTTTACCTCATCAAAGGGCGT 

C AAGv_rtAG AGGG7TC GC CT ATC AAC G AAGAGC GAGCTTT' r AGTAAA' r GG C 
CTTG7TCTCCTACTTAACTCCCTTGGAGTATCTGCCA7TAAGCTTGGATA 
??iI AG S GGA ST CTACAGGGT ^ ATGTAAACGAGG ^CTTAAG7TTACGG 
A ^HiSi GAAAGAAAAAG ^ TGTATA TCACTCTCACATTGTTCCAAAGGA'T' 
A H C i GAA i GAAACTTTTGG7 ^ G GTC7TCCAGAAAAATATAAGTTACAA 




GM^TTAAGAGAGAGTACTATGATGGTTACGTTTACGATGTAAGTGTCGA 



FIGURE 18 (coac.) 
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BESTFIT comparison of t-e deaucec amino acid sequences of 
Pyrococcu* DNA Poiy.er.se (top line. to T.iitoralis DNA Polymerase (bottom line, 

BESTFIT of: Pyrocoecus.Pep from: 1 to: 1019 

TRANSLATE DMA of: Pyrococcus . seq from: 3 S3 to- 3 420 
to: T.litoralis .Pep from: 1 to: 1100 

TRANSLATE DNA of: T . litoraiis . seq from: 291 to: 5401 

Percent Siailarity: 83.219 Percent Identity: 68.302 

1 MILDADx'ITEDGKPIIMFiaCENGEFKVEYDRlJFRPYIYALLKDDSQIDE 50 

1 1 1 1 • 1 1 1 1 • I I I I I I I I I I I I I I I I ; : I . i . : I . | | | | | | | | | | | | • | 
1 MlLDTDyiTKDGKPIIRIFKKENGEFKISLEPHFQPYIYALLKODSAIEE SO 

51 VWCITAERHGKIVRIIOAEKVRKKFLGaPIEVWRLVFEHPQDVPAIRDKI 100 

e :: ' • : I I I I I . I I : :| | I I I I I I I | | .; | | | : | .; | | | | | | | | . | . | | 

51 IKAIKGERHGKTVRVLDAVKVRKKFLGREVEVWKLIFSHPQDVPAMRGKI 100 

101 REHS AVID XFEY3 XPFAKRJf I, IDKGL IPMEGDEELKLLAFD IETLYHSGE 150 

1 1 1 • 1 1 : I 1 : I ; I I I I I I I I I I I | | | I I I I I I • I I I I • 

101 REH?AWDIYEV31PFAKRYLlDKGI.IPMEGDEELKLLAFDIETFv«=-GD 150 



151 EFAKGPI1MISYADEEEAKVITWKXIDLP YVEWSSEREMIKRFLKVIRE 200 

1 1 : 1 1 • '. ' ' I • ' I I I I N : -111111:111.11 | : | • . | 

151 EFGKCKIIMISYADEEEARVITVfKNIDLPYVDVVSNEREMIKRFVQVVKE 200 

201 KDPDVi;TYNGDSrDLPYLVKRAEKLGIKLPLGRDG..SEPKMQRLGOMT 248 

1 " I I I I I I I I I . I I II I I: I I:: l.l || | . I I I : I I • I I 

201 KDPDVIITYNGDNFDLPYLIKRAEKLGVRLVI.GIU3KEHPEPK1QRMGDSF 250 

249 AVEIKGRIHFDLrHVIRRTINLPTlCTLEAVYEAirGKPKEKVYAHEIAEA 298 

1 1 " I " I I I ' I = • I : I I I I I I I I I ! ! : : I I . | . | • | | | | 

251 AVEIXGRIHFDLFPWRRTINLPTVTLEAVYEAVI.GKTKSKLGAEEIAAI 300 

299 wetg:<gi^rvak-smedakvtye LGRS?f?MEA0I>srlvgqplwdvsrss 34g 

• I I : • : : • : : I . : I I I I I : . ! I I | I : - ; | | | | I : I . : | : | | . : | | | | , | , 
301 WETEESMICKLAQYSMEDARATrELGKEFFPKEAEtAXLIGQSVWDVSRSS 350 

349 TGNLVEWrxLRKAYERHELAPNKPDEREYERRLRESYAGGYVKEPEKGLW 398 

"Illllllll 1 I . I I 1 I I 1 I I I t I ||. INI..; | 1 | t I 1 I I I ■ 1 I 
351 TGNLVEWYXLRVAYARNELAPNKPDEEEYKRRLRrrYLGGYVKEPEKGLW 400 

399 EGLVSLDFRSLY5SIIITHNVSPDTLNREGCREYDVAPEVGHKFCKDFPG 

1 - : : 11111111111:1 I I ::| I l::l | | || M .: I I I I I | | 

401 ENIIYXDFRSLYPS I IVTRNVSPDTL£KEGCKNYDVAP IVGTRFCKDFPG 450 



448 



449 F IP S LLKRLLOERQE IKRXMXAS KDP IEKXMLD YRQRA IKI LANS I LP EE 498 

"11:1 I:. ||:||:|||.. I I I I I I I I 1 1 1 I I I I I : I I I I | I I : I 
451 FIPSIlfiDLIAMRQDIKKXMKSTIDPIEKXHLDYRQRAIKLLANSILPNE 



500 



499 



HVPLIKNGKVKIFRXGOFVDGLKKANQGKVKXTGDTEVLEVAGIHAFSFD 548 
. B1 ' : ' 5 '-ll-:l:-:M:l:::.|. . . : . 1 1 . . : : , | | ,| , . . : Mil: 
501 WLP I IENGE IKFVKIGEF INS YMEKQKENVKTVENTEVLEVNNLFAFSFN 550 



FIGURE 19 
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